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2 Introduction

Copyright Notice

Trademarks
Patents
Restricted Sale

Applicabiiity

C' € 0123

Purpose

Important
Safety Notice

Copyright 2000 by Medrad Inc. All rights reserved. No part of this man-
ual may be reproduced in any form without prior written permission of
Medrad. Printed and assembled in the U.S.A.

Mark V Injector, Mark V Plus Injector, FluiDot, Medrad, and Quality for
Life, are registered trademarks of Medrad Incorporated.

The Mark V and Mark V Plus Injection Systems are the subject of the
following U.S. patent numbers: 4,677,980; 4,854,324; 5,383,858.

Federal (U.S.A.} law restricts the sale of this device to, or by the order
of a physician.

This manual applies to Mark V and Mark V Plus Injection Systems in
the following configurations:
Pedestal Mounted Systems:
SYS 500-P, SYS 500, SYS 500 P2i, and SYS P2ID
Control Room Consoles:
RMT 505-P/510-P, RMT 505/510,
RMT 505 P21/510 P21, and RMT 505 P21D/510 P2ID
Remote Panel Systems:
RPS 615(P) and RPS-500

Models SYS500 P21, SYS500 P2ID, RMT505 P2, RMT 505 P2ID,
RMT 510 P2I, and RMT 510 P2ID are designed to be in compliance
with EN 60601-1 (Safety) and EN 60601-1-2 (EMC/Emissions). ECG
and Ocilloscope options to the SYS 500 and RMT 505 model systems
do not comply with the EN 60601-1-2 standards, and are not available
with any P2l system model number.

C € Represents compliance to the European Council Directive
0123 goncerning medical devices - 94/42/EEC.

This manual is intended to provide instructions ior servicing the Mark V
and Mark V Plus Injection Systems safely and accurately. ltis intended
for those qualified to service the injection system, whether they be
Medrad Service Personnel, Laboratory Service Technicians, or
Medrad Authorized Dealers.

The information in this manual is intended for people with adequate
backgrounds and experience in electronics and electromechanical
devices. Any attempt to repair a sophisticated medical device such as
the injector may result in personal injury, property damage, or patient
injury.

2-1
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Disclaimers

Problems or
Questions

2-2

Medrad makes no warranties on the contents of this manual, and specifi-
cally disclaims any implied warranties of merchantability or fitness for any
purpose.

Medrad reserves the right to change specifications and the contents of this
manual without obligation.

Medrad reserves the right to modify the specifications and features
described herein, or discontinue manufacture of the product described at
any time, without prior notice or obligation. Please contact your authorized

Medrad representative for the most current information.

External Wiring and Modification: Medrad disclaims liability for any
modifications or interfaces with other equipment which are not in conform-
ity with the specifications and information contained within this manual.

. Such unauthorized action could jeopardize injector operation, safety, or
reliability.

Accessory equipment connected to the system interfaces must be certified
according the IEC 601-1 standards. Furthermore, all P2} configurations
with attached accessory equipment shall comply with the system standard
IEC 801-1-1, Anyone who connects additional equipment to the signai
input or output configures a medical system, and is therefore responsible
that the system complies with the requirements of the system standard
IEC 601-1-1. To obtain on-site consulting or consuilting references, contact
Medrad Factory Service.

All drawings in this manual are for reference purposes only, and may not
reflect the construction of units produced prior to the publication of this
manual. Reproduction quality of these drawings may have been affected
by the level of reduction required. Call Medrad Factory Service if assist-
ance in drawing interpretation is required.

Mark V and Mark V Plus Injectors are not intended for portable use.

If you experience problems with any Medrad Injection System, contact:

Medrad Factory Service MEDRAD EUROPE, B.V.
MEDRAD, INC. Postbus 3084

One Medrad Drive 6202 NB Maastricht
Indianola, PA 15051-0780 The Netherlands

Phone: {412) 767-2400 Phone: (31) (0) 43 3585600

1-800-MEDRAD-S  FAX: (31) (0} 43 3650020
1-800-633-7237
FAX: (412) 767-4126 Nihon MEDRAD K.K.
Central Shin-Osaka Building 9F
4-5-36 Miyahara
Yodogawa-ku
Osaka, 532-0003
Japan
Phone: (81) (0} 66 350-0680
FAX: (81) (0) 66 398-0670



Introduction

Intended Use

Contraindications

WARNINGS

INTRODUCTION TO
WARNINGS / CAUTIONS

This manual contains important information about safe servicing of the
Mark V and Mark V Plus Injection Systems.

Medrad urges the service technician 1o read this manual carefully,

- become familiar with the procedures and system functions that it

describes, and follow its recommendations to assure proper servicing
of the system.

Warning labels on the Mark V and Mark V Plus systems or Warning

statements in this manual preceeded by any of the following words
and/or symbols are of special significance:

WARNING: Indicates a potentially hazardous situation. If
not avoided, this could result in death or serious injury.

WARNING: Indicates electrical hazards which could resuit
in death or serious injury.

CAUTION: Indicates potential hazards or unsafe practices
which could cause product, system, or property damage.

B B

NOTE: Indicates helpful information is being offered.

This device is intended to be used specifically for the purpose of inject-
ing intravenous contrast medium into humans, for the purpose of diag-

" nostic studies. DO NOT attempt to use the injector for any other

pUIpose.

This device is not to be used for drug infusion, chemotherapy, or any
other use for which the device is not indicated.

Hazardous voltages exist within the Mark V and Mark V
Plus Systems that can shock, burn, or cause death. To

avoid injury, the system should be opened and serviced by

qualified service personnel only. Disconnect the system

from line power before cleaning or attempting to perform
any maintenance or repairs.

Possible explosion hazard in the presence of flammable

anesthetic gases. The Mark V and Mark V Plus systems
are not designed for use in association with anesthetic
gases and equipment.

2-3
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WARNINGS

{continued)

A
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Disconnect the patient immediately from the injector if any “sys-
tem malfunction” occurs. If a system malfunction message
appears, do not attempt to use the system until the source of the
condition has been identified and corrected by qualified service
personnel. Do not attempt to recreate any fault conditions while
connected to a patient.

Electronic assemblies contain potentially hazardous materials.
Dispose of system components or accessories properly.
Follow all local regulations for the recycling or disposal of
electronic assemblies, or contact Medrad Service for
assistance.

. Worn power cords or control cables may shock, injure, or cause

death. Examine power cords and cables for cuts, frays, or any
other visible damage. Do not use the system if any of the cords
or cables show signs of damage. Any damaged or worn connec-
tion cables or power cords should be replaced.

Check for proper voltage and frequency before connecting the
injector to an electrical outlet. Failure to do so may result in per-
sonal injury or equipment damage/malfunction. Check the volt-
age and frequency marked on the hack of the unit. Ensure that
the outlet providing power to the injector supplies a voltage, fre-

_quency, and volt-ampere rating within the range specified. . 3 ;

Do not immerse any injection components in water or any type
of cleaning solution. Fluid eniry into the system may resultin a
shock hazard.

Ensure that the FluiDot labels are clearly visible on all pressure
jackets. FluiDot labels are intended to help in the avoidance of
air embolization, which could result in patient injury or death.

Do not move the injector or pedestal by pulling on the syringe
heater cable. This practice will cause the pivot pin to wear pre-
maturely, and may cause the injector head to fall, resulting in
possible patient or technician injury.
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.lntroduction
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Electrostatic Discharge (ESD). Failure to follow ESD protec-
tion practices may result in equipment damage. To avoid
damage, ESD protection practices must be followed when
servicing any component of this system. If memory compo-
nents are to be shipped, place the components in conductive
carriers (as supplied at Medrad).

Disconnect the power cord before removing or replacing PC
boards. Sensitive circuits on the boards can be damaged by
abrupt interruption or application of supplies.

Allow system temperature to stabilize before use. When the
system is exposed to an extreme temperature change (heat
or cold), aliow it to stabilize to room temperature before serv-
icing. '

Use only accessories and options designed specifically for
the Mark V and Mark V Plus systems. To ensure compatibility
and proper operation, do not use an accessory or aption
designed for another system.

Perform regular preventive maintenance. To ensure that your
injection system remains properly calibrated, and that all pri-
mary and backup circuits are functioning properly, regular
preventive maintenance is recommended. An annual preven-
five maintenance package (offered in the U.S.A., Canada,
and Europe) is available at an additional cost. Contact your
local Medrad Factory Service Representative for details.

Do not soak or immerse any part of the injection system in
water. Improper or careless cleaning methods may result in
equipment damage. While cleaning any outside portion of the
system, avoid allowing any water to seep inside system com-
ponents. ‘

Do not short the PPI Card Batteries. Do not place the card or
the batteries on any conductive surface. When checking or
replacing the PPI card batteries, discharge can occur with
even a momentary short.

Do not connect injector head extension cables in parallel.
Connecting the extension cables in paraliel, or extending the
total extension length beyond 100 feet (30.5 m), can
adversely effect injector performance and specifications.

NOTE: Alirelevant institutional, local, or national safety regula-

tions related to cable routing and instaliation should be
followed.
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CAUTIONS

{continued)

'

A\

Do not apply voltage to external stari lines if the injector is
being started by an external start connection. Provide only a
switch closure. If the external circuit contains excessive line
frequency noise or voltage trans:ents injector damage or
malfunction may resuit.

Do not plug the cord reel connector into the Auxiliary Start
Switch Connector at J13. If not in use, aflow the cord reel
connector to remain disconnected. This improper connection
could result in internal equipment damage or malfunction.

The Remote Start Signal from the fitm changer programmer
(at pins 7 and 9 of J40), must never contain voltage or AC
noise. Any voitage applied to these pins can damage the
injector and void the warranty. An excess of 50 or 60 cycle
AC noise on these lines may cause infermittent problems of
premature, or no injections.

The Remote Start Signal from the film changer programmer
must remain closed throughout the duration of the injection. If
the start signal is removed before the injection volume limits
when armed in the SINGLE mode, the injection will stop, the
unit will disarm, and display “PREMATURE TERMINATION”
on the Control Panel. If the start signal is removed before the
injection volume limits when armed in the MULTIple mode,

_the injection will stop, the Mechanical Stop will reposition at

the selected volume, and the unit will remain armed. If a start
signal is received at this time, an additional injection will
result at the selected Flow Rate and Volume.

When starting the injection process from a remote location by
the use of a relay closure in the film changer programmer,
always install a “panic button” in series with the start signal.
This function must be provided in the event that the operator
must immediately terminate the injection. This button should
be installed in a convenient location, properly labeled, and
instructions for use provided to all users of the injection sys-
tem.

Do not apply voltage to 1Sl connector J40 pins 5,6,7,8 or 9.
Equipment damage or malfunction may result.

Do not connenct the J19/J20 X-ray connector to the J13 Aux-
iliary Start connector. Equnpment damage or malfunction may
result.



Condensed Operating Guide
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FLOW RATE

Press Delta 2 to initiate change of FLOW RATE for the injection
ortheindicated leve! of a Multi-Level injection currently displayed
on the Control Panel. SET light will flash to indicate program
changefor Flow Rate. Usekeypadto select newvalue. Minimum
and maximum Flow Rate values depend on: syringe size. Press
Delta2againtolockin value. SET indicator light will stop flashing
and light continuously when the ML value displayed in the Flow
Rate Window is locked in. Lighted Flow Scale to theright of the
FLOW RATE Display Window is the current Flow Scale.

Toselectanew Flow Scale, press Delta 3. Press the YES button
in response to Sentinel prompt. A new Flow Scale will ight. If
necessary, repeat the process until the desired Flow Scale is it

Condensed
Operating Guide

YOLUME

Press Delta 4 to initiate 2 program change for the Volume
parameter. SET indicator light on panel begins to flash. Use
keypadto select new value. Press Delta4 asecondtimetolock
in new Volume. SET indicator light on panel stops flashing and
lights continucusly when Volume value displayed in Volume
Window is programmed. Range of acceptable values is limited
by syringe size and volume remainingin syringe. Volumecanbe
entered in tenths of a ml {one decimal placs).

SENTINEL - pisplays

systemn messages.

RISE /FALL

\\

Press Delta 1 to change Rise/fFall time.
indicator light above Delta 1 button will
flash to indicate program change to Rise/
Falltimevalue. Usethekeypadtoselecta
new value from Oto 9.9 secondsin tenth of
a second increments {one decimal digit
only). Press Delta 1 Button againto lockin
new value. Indicator light stops flashing
andlights solidwhenthe value displayedin
the RISE/FALL Display Window is locked
in.

INJECTION DURATION

Press the Delta 5 button to change Injec-
tion Duration. SET indicator light on pane!
flashes. Use keypad to select new value.
Injection Duration time value can be set in
tenthof a secondincrements (one decimal
digit}). The new value will be displayed in
the Injection Duration window. Press the
Delta § bution again to lock in the new
value. SET indicatorwilllight continuously
whenvalue displayedinthe Injection Dura-
tion window is locked in. Changing the
Injection Duration automatically changes
the Volumeto be detivered for the injection
or level. Normally, Injection Duration is
automatically setand calculatedwhen other
dependent injection parameters are pro-
grammed.
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IUECTION DURATION

KRAY
IRECT

DELAY

1

Press Delta 6 to initiate a change of the
Pressure value displayed in the Pressure
Window. SET indicator, above Delta 6,
begins to flash. Use the keypadto entera
new Pressure value. Press Delta 6 a
second time to lock in the change. SET
indicator stops flashing and stays lit when
thevaluedisplayedinthe PressureWindow
is locked in. Minimum and Maximum Pres-
sure values depend on syringe size and
selected Flow Scale.

SECONDS
PS1 sy
A (&) (&) = = \
\\ ‘
X-RAY OR INJECT
DELAY TIME

Press Delta 7 toinitiate a change for Delay
time and/or type of delay being set. The
Delay value, displayed in the Delay Dis-

PRESSURE ! i .

piay Window, will reset to 0. Whatever
indicator fight is flashing, X-RAY or IN-
JECT, that is the type of delay being pre-
grammed. To change the type of delay
being programmed, press Delta 7 agsin
before entering any Delay value. Usethe
keypadto select new Delay value. Press
Delta7 to lockin the Delay time. indicator
stops flashing andlights continously when
thevaluedisplayedinthe Delay Window s
programmed. Minimum andmaximum de-
lay values are from 0 - 99.9 seconds in
tenth of second increments {one decimal
digitonly).
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SINGLE Armn Button - After entering all injection parame-
~ ters, press this button to begin the arming sequencefora
Single Iniection. The DISARM indicator will be litand will
remain lit until arming Sentinel message is answered.
After proper responses to Sentinel, the unitwill be armed.
The DISARM indicator will extinguish and the SINGLE
indicator flashes. Injectoris armed and ready to inject.

Alpha-Numeric Keypad - This keypad is
. the operator’s input device. It is used to
selectnewvalues forinjection parameters,
select a program number to be stored or
recalled, enter atitle fora stored injection,
or respond to Sentinel prompts.

SHIFT Button - The Shift buttonisusedto
select between letters or numbers on the
alpha-numerickeypad duringthe program
storage procedure. . Press this key if the
title is to contain letters.

ARMING

MULTI Arm Button - After entering all injection parameters,
press to begin the arming sequence for MULTIple injections.
The DISARM indicator remains lit untit Sentine! prompts are
confirmed. When MULTlindicator on panel beginstoflash, the
injector is armed for Multiple injections. During a Multiple
Injectiontheunitdoes notdisarmatter theinjection. Instead, the
injector automaticatly re-arms after each injection asfong asa

sufficient volume rernains in the syringe.

N\ /
- _ SINGLE
50 =
.
L.I-E%E[;ILLS

LEVELS

TOTAL LEVELS Window - Dis-
plays the number of levels con-
tained in the currently displayed
injection program. Aninjectionmay
/ have up to 4 levels.

LEVEL Window - Displaysthelevel
number currently displayedonthe
control panel. Upio 4 levels may
beprogrammed.

LEVEL UP and DOWN ARROW
Buttons - Use these keys to ad-
vance up or down one level of a
multiple-levelinjection. The LEVEL
window next to the arrow buttons

will display the current level.

A




. Press after an injection to have

Condensed Operating Guide

PROGRAM Window - Displays the program
nurmber of a recalled injection program. The
number will be displayed as long as no modi-
ficationstotheprogram recalled from memory
aremade. '

PROGRAM STORE/RECALL

Pressthe RECALL Buttonto recall a previ-
ously stored injection program or a system
utility program. injection programs are
stored in locations 1 through 49. Storage
location numbers 50 - 5 are reserved for
systemutility programs. Theprocedurefor
recallingany stored programistofirstpress
the RECALL button, then enterthenumber
of the program o be recalled. Press RE-
CALL a second time to bring the program
into active memory. The number of the
program is displayed in the Program win-
dow. lf any modifications are madeto the
recalled program, the program number will
extinguish to show that the program dis-
playedonthe Control Panelis notthesame
as the one stored in memory.

/

STATUS

STATUS Button - Atoggle swilch
that allows a user to compare
ACTUAL values to SET values.

ACTUAL injection parameters dis-
played. The ACTUAL indicator J
light will light (the SET indicators

will extinguish). Valuesdisplayed
inthe various windows are Actual
values. Press the Status button
again. The SET indicators will

j N
/ mas )/
/)

AN

light and the values displayed in )
the various windows are the pro-
grammed values. The Sentinel

will display GUMULATIVE PA-

TIENT VOL XX. X ML. This num-

ber represents the total volume
defivered since the conirol panel

was last reset with the RESET

button. '

Press the STORE Button to store in-
jection parameters in permanent
memory. Sentinel prompts with next
available storagelocation number. Use
the keypad to enter the number, then
press the STORE button a second
time. Sentine! prompts for atitle. Use
the keypad to enter a title if desired.
Press the STORE pution after enter-
ing the title. Al currently displayed
injection parameters are storedinper-
manentmemory.

RESET

Press RESET to clear Cumulative Pa-
tient Volume, set the Control Panel
display values to zero, or recover from
afault condition. Sentinelwill promptto
confimnresetting of Curmnulative Patient

" Volume and Control Panel values.

Press RESET immediately after power
uptodisplay software version number
of currently installed system software.

SENTINEL RESPONSE

AND

ARROW BUTTONS

YES/NO ARROW Buttons - These buttons serve a.dual purpose. Their primary

purpose is to serve as a means 1o respond to Sentinel prompts. These keys are also
used when entering the title of a stored program. Use the NO arrow key after entering
eachcharacterorspaceinthetitie. Usethe YES arowto deletecharacters and spaces.
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ECG ON/OFF Button - Power switch for
ECG panel. Press to turn power on.
Press a second time to turn power off.
Whenever power is applied to the ECG
panel, the light above the ON/OFF but-
ton will be lit.

ECG/Scope Control Panel
ECGTrigger

GAIN up/down Arrow Buttons- Press up
arrow to raise the gain of the ECG signal
coming from the monitor or directly from
the patient. Press the down arrow to
lower the gain. When gain is properly
adjusted, the R-WAVE indicator light to
the right of the gain arrow keys will light
with each heartbeat.

DELAY (SEC) Window - Bisplays the
fength of time after the R-wave until the

injection begins (position of intensified
dof). Use the arow keys below the
Delay window to adjust the delay time.
Delay time is shown in hundredihs of a
second. Maximum delay time is 0.99
seconds.

MUSICAL NOTE Button - A toggle
switch that aliows a userto select an

\

audio tone to sound with each R-
wave. When this function is acti-
vated, the light above the musical
note key will be [it.

‘o=
(=) 29 =

DELAY (SEC)

X-RAY SYNG Button - Use thiskeyto
synchronize Xraytothe ECG R-Wave.
When this function is turned on, a
signal is available to sychronize the
image acquisition with each R-wave,

N O s S s B e
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SYNC PREV TERM
g 7

This ensures that a fiilm will bein place~
for each bolus injected. The light
above this key will illuminate when X-

HEART RATE ;spm

Number of boluses for a given injection

BOLUS button, Total injection volume
(#Bolus x Volumne) is displayed on the
Sentinel.

=

HEART RATE (BPM) Window - Dis-
plays the patient heart rate in beats per
minute.

RAY SYNC.function is on. . : \ P

/] ;’
INJPREY Button - Allows the userto \ I \
preview an injection by displaying \

waveforms and simulating the injec-
tion onthescope. Theindicator light
above the INJ PREV hutton will illu-
minate when this function is on. The
injector cannot be armed when [NJ
PREV is on. No signals to external
equipment are sent during an injec-
tion preview.

OPTIONButtons 1,2,and 3-Press

Option 1 to provide an Injector
Delay at the beginning of an ECG
triggered injection. Enter the IN-
JECT DELAY is from the Main
keyboard. Option2and3keysare
reserved for future expansion.
They haveno function atthistime,

# BOLUS Button and Window - Press
the # BOLUS button to program the
number of boluses to be delivered dur-
ing the injection program. Each press
of the # BOLUS button increases the
number of boluses by one. Upto 9
boluses may beinjected during a single
injection. The number scrolls back to
number 1 after reaching number 9.
is displayed inthe window nextto the #

R-R (SEC) Window - Displays the time,
in hundredths of a second, between
each R-wave.

R-WAVE TERM Button - Controls
whether or not an injection ¢can con-
tinue through the next R-wave, or be
automatically terminated by thenext R-
Wave. Press the R-WAVE TERM
buttonto turn this function on. The light
above thebufton ifights toindicatethat
this feature is active. The default set-
tingis OFF.
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ECG/Scope Control Panel
Scope (Patient Monitor)

CHANNEL 1 INPUT SELECT Button and Indi- 1mV CAL Button-Causes thetrace

cators - Press the INPUT SELECT bution to
choosewhat willbe displayed on CHANNEL 1,
{the waveform displayed on the top part of
scope). Usuallythe patient’s ECG waveformis
displayed on this channel. Press the INPUT
SELECT button to toggle between ECG and
AUX 1. Checkthelightedindicator to see what
input signal is being displayed. Usethe Position
and Gain controlsto adjustthe Channel 1 signal.

| v CHANNEL 1 POSITION Up and
on Channel 1 1o move up 1mV. Down Buttons - Press to change the

Enables operator to calibrate the vertical position of the trace on Chan-
Gaintothegridlinesonthedisplay. nenc.a RO ottne Cha

Calibration is accurate only when
using an ECG pre-amp and con-
necting the ECQ input directly to
the patient. Do not use the 1mV
CALbuttonifthereisaahigh-level
ECG input connected to the injec-
tor, or if AUX 1 is selected.

CHANNEL 1 GAIN Up and Down
buttons - Press to change the size
{height) of the Channel 1 deflections.
Changes the size of the waveform on
the Channel 1 portion of the scope.

SWEEP MODE Button and Indicators - Lighted \
mode nexttobutton, (STOP, CONT, and AUTQ),
indicates currently selected mode. Pressthe
SWEEP MODE button to advance to next
made sefting. Sweep Mode determines i the
scope display will move afl the time (CONT
mode), start and stop with the injection (AUTO
mode), or freeze the image (STOP mode).

/ Z

POSITION. GAN

g (A[Y) (a[7]er

OSCHILLOSCOPE SCREEN -
Displays two waveforms.

B G5 B
N\

e
gk

SWEEP SPEED Buttons and Indicators - llurmi-
nated speed value on panel, (10 MM/SEC, 25
MMISEC, 50 MM/SEC Indicators) is the cur-
rently selected speed . Press the SWEEP
SPEED button to advance to next sweep

gk

nONENCHG
0 {1 e

speed. 25 MM/SEC is the usual standard o T
setting. A
SCOPE ON/OFF Button - Pressto apply power
to the Qscilloscope. Indicator light above
buttonilluminates whenever poweris appliedto
scope and related controls. Press button a CHANNEL 2 GAW Up and Down
secondtime to remove power from scope sec- buttons - Press to change the size
tion of ECG Control Panel. {height) ofthe Channel2 deflections.
Changes the size of the waveformon
the Channel 2 portion of the scope.
20 ML CAL Button - Causes the
CHANNEL 2 INPUT SELEGT CGontrols and frage on SHAMNEL 2 to move up
- . es operator to cali-
Indicators- Pressthe INPUT SELECT button to brate Gain to grd lines. INPUT
choosewhatwillbe dispiayed on CHANNEL2. SELECTmustbesetto INJandthe CHANNEL 2 POSITION Up and
Usually a profile of the injection is displayed ont Sweep Mode must be set to Dovyn Butto_qs - Press to change the
this channel. Pressthe INPUT SELEGT button CONTinuous vertical position of the trace on Chan-
1o toggle between INJ and AUX 2. Check the ) nel 2.

lighted indicatorto seewhatinput signal isbeing
displayed. Use the Position and Gain controls
to adjust the Channel 2 signal.
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Preventive Maintenance

Recommended
Procedures

Preventive
- Maintenance

This section contains recommended procedures for preventive main-
tenance of Mark V and Mark V Plus injection systems. Routine main-
tenance and inspection will:

» Ensure the continued performance of your injector.
+ Reduce the possibility of equipment malfunction.

Preventive maintenance of the injection system should consist of four

. procedures: Inspection, cleaning, performance checks, and leakage

checks. This section contains guidelines, recommended methods,
and expected results for each of these procedures:

1. Inspection: This first step should encompass inspection of the

- entire system, looking for obvious signs of damage, such as;
cracks in the housing, frayed or worn cables, missing or damaged
labels, and contrast spills that may have ieaked into the injector.

2. Cleaning: This cleaning procedure involves thorough cleaning of
the console and head to remove any deposits of contrast medium.
. If any substances have leaked into any part of the unit, the subas-
sembly should be disassembled and thoroughly cleaned.

3. Electrical Leakage / Ground Continuity Checks: To ensure the
safety of the patient and hospital personnel in injector operations.

4. Operational Gheckout: A complete functional performance check-
out of the injection system.



Mark V and Mark V Plus injection Systems

Recommended
Schedule

Your Mark V or Mark V Plus Injection System must be properly main-
tained to ensure that it is in peak operating condition. Your individual
maintenance schedule depends upon how your injector is used; the
type of procedures performed, and frequency of use. The following
guidelines represent a suggested maintenance schedule:

Daily:
Before use each day, the system shouid be inspected, and the piston
rod thoroughty cleaned.

Monthly:

Once a month, the entire system should be thoroughly inspected and
cleaned, and an operational checkout should be performed.

Annually:

Once per year, Electrical Leakage and Ground Continuity checks
should be performed.

NOTE: Local regulations or hospital protocol may require elec-
trical leakage checks at more frequent intervals. If this
applies, local regulations for leakage must be followed.

Medrad also recommends that a complete system calibration and per-

formance checkout, by a qualified Medrad Service Representative, be Sy

performed once a year. Contact Medrad Factory Service, or your local A
Medrad office for details. :

in the United States, Canada, Europe, and other select areas of the
world, the Medrad Service Depariment offers Preventive Maintenance
Programs. These annual programs greatly assist in maintaining accu-
racy and reliability, and can extend the life of the injection system.
Contact Medrad for details. In Europe, contact Medrad Europe B.V,, or
your local dealer, for further information. Refer to Section 2 of this
manual for address and telephone numbers.

‘NOTE: Failures which occur due to lack of proper mainte-
nance, or abuse, will not be covered under warranty.
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Preventive Maintenance

—, Inspection
"~ Procedures

Injector Head

Control Unit

Remote Panel

-

The following procedures are recommended for the Injector Head,
Control Unit, Remote Panel (if the system is so equipped), and mount-
ing systems. If defects are detected, either repair the system, or call

- Medrad for service. Do not use the unit until the problem has been

corrected. _ :

1. Inspect the head case for any cracks that could allow fluid to leak

inside, or weaken the case.
2. Inspect the head cable for cuts, cracks, or worn areas.

3. Inspect the head connector for cracks, loose pins, or a loose strain
‘relief.

4. Inspect the Pressure Jackets for small cracks, crazing, or discolor-
ation. As a matter of preventive maintenance, we recommend
replacement of the pressure jackeis annually.

5. Inspect the syringe heater and cable; look for cuts, cracks, or any
worn areas.

8. Inspect the Control Panel for cuts or cracks that could aliow fluid
1o leak inside.

1. Inspect the Control Unit and Control Panel case for cracks that
could allow fluid to leak inside, or weaken the assembly.

2. Inspect the power cord for cuts, cracks, or worn spots. Inspect the
plug for cracks, loose prongs, loose wires, or a loose strain relief.

3. Inspect the handswitch and cord: Look for cuts, cracks, or worn
spots in the cable; look for cracks and loose parts in the switch
and housing.

4. Inspect the film changer connector and cord: L.ook for cuts,
cracks, or worn spots in the cable; look for loose pins, or a loose
strain relief on the connector.

5. Inspect any other cables connected to the control unit: Look for
cuts, cracks, or worn spots in the cables; look for cracks, loose
pins, or 1oose strain reliefs on the connectors. ‘

1. Inspect the Remote Unit and Control Panel case for cracks that
could allow fluid {0 leak inside, or weaken the assembly.

2. 1nspe¢t the interface cable for cuts, cracks, or worn spots. Inspect
the connector for cracks, loose prongs, or a loose strain relief.

3. Inspect the handswitch, cord, and connector: Look for cuts,
cracks, or worn spots in the cable; look for cracks and foose paris
in the switch, housing, and connector.
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Pedestal Mount

Injector Head
Support Arm

1. Inspect the case and legs for cracks and other defects that could

weaken the structure.

Ensure that all mounting bolts and screws are secure.

inspect the connectors on the pedestal for cracks or loose pins.
Ensure that the casters roll smoothly, with no binding and scraping.
Ensure that the locking mechanism on all locking casters is functional.

o s e

The injector head support arm is typically associated with pedestal type
injection systems and free standing injector head stands. Carefully
inspect the areas shown below for any signs of damage.

Pivot Knuckle

Figure 4.1: Head Supprt Arm Inspection

The injector head pivot knuckle should rest flat and rotate smoothly on the
support arm, The injector head, or support arm, should not rotate more
than 360 degrees. If either assembly is able to rotate more than 360

degrees, one or more of the stop pins is not propetly positioned, or is
missing.

If the stop pins are not in the proper position, the head cable can'wrap

- around the support arm, causing damage 1o the head cable, and possibly

lifting the injector head from the support arm. Contact Medrad Factory
Service for support arm replacement information.
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Counterpoise
Systems

Syringe Heater

Inspect all parts of the mounting system for cracks and other
defects that would weaken the assembly.

. Ensure that the mounting system is securely assembled, with no |

loose parts. The system should be stable with the head installed.

Ensure that the system moves smoothly in all directions, with no

binding, scraping, or drifting.

. Verify that all cabling is tied back and does not interfere with the

movement of the supporting parts or the injector head.

NOTE: Ali relevant guidelines for institutional, local, or nationat
safety recommendations related to cable routing and
installation should be foliowed.

. Ensure that the device is warm to the {ouch.

Ensure that the LED indicator is not illuminated or flashing when
installed on the pressure jacket/syringe. The lamp may illuminate
if the syringe heater is not installed on the pressure jacket/syringe.

~{f the lamp is illuminated while the heater is instalied on the pres-

sure jacket/syringe, the heater is too hot and should be replaced.

. Inspect the cable and connector for cracks, worn areas, loose

pins, or a loose strain relief.
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Cleaning
Procedure

Deposits of contrast media can interfere with proper operation of the
Mark V and Mark V Plus injection Systems. The following guidelines
should be followed when removing deposits, or cleaning any portion
of the system.

' WARNING: Remove the powér cord from the power
source before cleaning any part of the system. Failure to

do this could result in the exposure of lethal voltages,
causing injury or death.

Using warm water and soft cloths, clean the injector console and
head thoroughly to remove contrast medium or other deposits.

The injector head requires particular attention. Remove the turret,
then: Clean the front casting where the piston moves in and out;
Clean the turret and its pivot point; Remove any contrast from the
entire length of the piston rod.

CAUTION: Do not soak or immerse any parts of the injec-
A tor in water. Improper or careless cleaning methods may
resulf in equipment damage. While cleaning the outside of

the unit, avoid letting any liquids seep inside injector com-
ponents. :

If contrast medium has leaked inside the head or console, the
affected subassembly should be disassembled and cleaned. This
cleaning procedure can be done in the field by trained Medrad
Service personnel, or returned to Medrad Factory Service. If the
cleaning will be performed in the field by a properly trained individ-
ual, ensure that any internal wiring or components are not dis-
turbed, and that the system is completely dry before applying
power. .

Check all of the System Safety and Warning Labels for legibility.
Ensure that the labels are not damaged or missing.

WARNING: E!-xsure that the system is completely dry
before connecting to a power source and applying power.

E——
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Preventive Maintenance

Leakage
Check

Ground
Continuity
Check

To insure safe operation of the injector, a leakage check must be part
of regular preventive maintenance.

Use a commercial leakage tester such as one of the following:
Manufacturer _ Mode!

Bio-Tek Instruments, Inc. Model 501
Electrical Safety Analyzer

Dynatech Nevada, Inc. PEI Model 2000A
Electrical Safety Analyzer

Ohmic Instruments Co. BET-300 Series or
HSM-200 Series

Bender Safety Tester 601 or
Unimet 1000 ST
1. With the AC ground open, power applied, and the line at normal,

leakage should be less than 100 micro amps.

2. With the AC ground open, power applied and the line reversed,
leakage should be less than 100 micro amps.

3. Disconnect the leakage test box.,

A ground continuity check must also be a part of reguiar maintenance
of the Mark V and Mark V Plus Injection Systems.

1. Disconnect the injector from the power source.
2. Using an chm meter, measure the resistance between the ground

terminal on the power cord and any exposed metal suface of the
system. The resistance measured must be less than 0.2 ohms.
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Checkout Procedure

Introduction

Basic Unit
Checkout Procedure

Checkout Procedure

These checkout procedures test the major functions of the Mark V
and Mark V. Plus. These procedures should be followed:

» Before using the unit for the first time

« As part of a routine preventive maintenance program
(check operation monthly with this procedure)

- |f a problem or miscalibration is suspected

<  Atter repairs

Read the steps first, then do them. Many sieps require more than one
observation. Some steps will need to be timed.

To do these checkouts, a stopwatch, a watch with a digital seconds
timer or seconds hand, or a timer is required.

NOTE: If the unit fails to perform as outlined in any of the fol-

lowing procedures, or any error messages appear,
refer to Section 19, Troubleshooting Guide.

This procedure checks the basic functions of any Mark V or Mark V

_Plus system. Regardless of the configuration or what options are on

your system, start with this procedure. Then continue with the others
in the order they appear in this section.

This procedure is valid for all models and configurations of the Mark V
or Mark V Plus injector including the RMT 510 model in which the sys-
tem is operated solely from a Remote Panel, with no Conirol Panel on
the console. With this kind of system, any reference to a Control Panel
in the following procedure refers to the Remote Panel.
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Injector Head
Mount Inspections

Initial Checks

A safe and effective injector mounting system must be maintained to
prevent personal injury and/or equipment damage. An important part
of inspection should include the injector head support arm typically
associated with pedestal injector systems (SYS 500 or SYS 500-P)
and the free standing injector head stand (KMA-320 or KMA-320T).
The injector head pivot knuckle should sit flat and rotate smocthly on
the support arm. The injector head should not rotate more than 360
degrees. Periodically lift the head from the support arm and check for
the presence of the injector head stop pin. If the pin is not in place, the
head cable can wrap around the arm, causing damage to the head
cable and possibly forcing the injector head off of the support arm.
The support arm should be inspected for cracks where the head rests
on the arm and at the base where it is attached to the injector or the
injector head stand. If a crack is present, the crack can lengthen, com-
promising the integrity of the arm.

1. Get the injector ready:

With the exception of the head cable, disconnect any cables from
the connector panel on the back of the injector.

If your system is a Control Room Console without an integral Con-
trol Panel, leave the Remote Panel connected. If your system
‘includes a Remote Panel and has a Control Panel on the console,
disconnect the Remote Panel.

. Remove and discard any syringes from the pressure jackets on
the injector head.

Rotate the turret to the vertical (or ready to inject) position.

Position the Rotating Piston Plunger Release lever on the back of
the injector head horizontally.

2. Check the initial response of the injector.

Connect the system to a compatible electrical power source, then
apply power. The SENTINEL should display:

SELF TEST IN PROGRESS VER MV (or PR) X.X

The MV {(or PR) X.X message indicates the software version
installed in the unit. During the self test, all LEDs on the Gontrol
Panel should illuminate, and all windows should display 8's and
decimal points. |f any segments do not illuminate, the unit requires
repair and should not be used.
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Checkout Procedure

Injector Head

ML/SEC

ML/MIN

2. Fully advance and retract the injector head plunger using the load
~controls on the head control panel. Ensure that the plunger moves

freely, without binding, rubbing, or scraping.

. Enter the foliowing injection parameters

RISE / FALL 0 Seconds
FLOW RATE 10 ML/SEC
VOLUME 25 ML
INJECTION DURATION 2.5 seconds
PRESSURE 1000 psi

- X-RAY DELAY 2 seconds

Arm the injector in the SINGLE mode, then inject. When the injec-
tion is complete, check the injection STATUS, verifying that the
actual results fall within the following ranges:

FLOW RATE 9.2-10.8 ML/SEC
VOLUME 24.1-25.9 ML
INJECTION DURATION 2.2-2.8 seconds
PRESSURE fess than 100 psi

X-RAY DELAY 2 seconds

. Enter the following injection parameters

FLOW RATE 59 ML/MIN
VOLUME 29.5 ML
PRESSURE 150 psi

Arm the injector in the SINGLE maode, then inject. When the injec-
tion is complete, check the injection STATUS, verifying that the
actual results fall within the following ranges:

FLOW RATE 56 - 62 MUMIN
VOLUME 28.6-30.4 ML
INJECTION DURATION 0.4 - 0.6 minutes
PRESSURE less than 50 psi
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ML/HR 5. Enter the following injection parameters:
FLOW RATE 50 ML/HR
VOLUME 25 ML

NOTE: This injection will last approximately 30 minutes. A
KMP 551 adaptor can be used to keep the handswitch
depressed throughout the injection.

Arm the injector in the SINGLE mode, then inject. When the injec-
tion is complete, check the injection STATUS, verifying that the
actual resuits fall within the following ranges:

FLOW RATE 45 - 55 MU/HR
VOLUME 24.1-25.9 ML
INJECTION DURATION 0.4 - 0.6 Hours
PRESSURE less than 50 psi
Rise/Fall 6. Enter the following injection parameters
RISE / FALL 8 Seconds
FLOW RATE 15 MUSEGC
VOLUME 105 ML
PRESSURE 1000 psi

Arm the injector in the SINGLE maode, then inject. The plunger
should accelerate steadily for 8 seconds, then continue at a
steady rate for 3 additional seconds. When the injection is com-
plete, check the injection STATUS, verifying that the actual resuits
fall within the following ranges:

FLOW RATE 14 - 16 ML/SEC

VOLUME 103.4 - 106.6 ML

INJECTION DURATION 10 - 12 seconds

PRESSURE less than 50 psi
Delay Timer 7. Enter the following injection parameters

RISE / FALL 0 Seconds

FLOW RATE 1 ML/SEC

VOLUME 30 ML

PRESSURE 1000 psi

X-RAY DELAY 10 seconds

Arm the injector in the MULT! injection mode, then inject. Carefully
listen for an audible click {closing of the internal X-ray trigger r
relay) approximately 9 to 11 seconds into the injection. ““f_'_ y
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Change the programmed X-ray delay to an Inject Delay of 5 sec-

~ onds. Arm the injector in the SINGLE mode, then inject. Ensure
that the injection begins approximately 5 seconds after the hand-
swiich is depressed.

Pre-Programmed 8. Reset all injection parameters using the RESET function. The
Injections Level and Total Levels windows will display a 1, all other windows
' ~ should display a 0.

Enter the following injection parameters:

RISE / FALL 4 Seconds
'FLOW RATE 28 ML/SEC
VOLUME 112 ML
INJECTION DURATION 8 Seconds
PRESSURE 925 psi .
X-RAY DELAY 2 seconds

Name and store the injection parameters using the STORE func-
tion. Remove power from the system for at least one minute, then
re-apply system power, Using the RECALL function, recall the
stored injection parameters, verifying that the Control Panel win-
dows display injection parameters entered above.

Remote Panel 9. ifthe injection system is equipped with a Remote Panel in addition
to the Control Panel, ensure that the Remote Panel is the Master
mode, repeat the ML/SEC, ML/MIN, ML/HR, Rise/Fall, Delay
Timer, and Pre-Programmed Injection checks outlined above.

NOTE: Use the Remote Panel handswitch for all of these
injections

End of basic checkout procedure.
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ECG Trigger This procedure checks the performance of the ECG trigger section, an
Checkout Procedure option for the Mark V and Mark V Plus systems. The function of the
' ECG trigger is the same for the Mark V and Mark V Plus systems.
With all systems, follow the basic procedure first, then check the ECG
- section according to this procedure.

NOTE: The system must be equipped with software version
PR3.0 or above to operate the ECG section.

To perform this checkout, connect an ECG input from a simulator to

the injector. There are two ways 1o do this. First, connect the simulator

to a monitor, then connect a high-level signal from the monitor to J44

on the back of the injector. The following items are required to com-
_plete this section of the checkout:

- High-Level ECG Input Cable (inciuded with ECG trigger
option)

- High-Level ECG Signal (such as from an ECG monitor)

- ECG Simulator (see below for suitable choice)

The second way to connect an ECG input is to connect the simulator
to the ECG preamp that connects at J44 on the back of the injector.
The foliowing items are required to complete this section of the check-
out (since the preamp is optional, your system may not include if):

»  ECG Preamp PMI 100
+ Patient Cable (included with preamp)
« ECG Simulator (see below for suitable choice)

The following ECG simulators, or their equivalents, are suitable for
this checkout. All are inexpensive, portable, battery powered, and
have adjustable rates:

- Manufacturer ' Mode!
Biohio Systems Co. EH-5N
Bio-Tek Instruments, Inc. ECG/R

‘Cambridge Medical instruments 4350
Medi Cal Instruments Inc. 410
Phipps L Bird Inc. 7092-450
Valmedix 323-100

1. With the exception of the head cable, Control Room Monitor, and
Analog and Digital cables (Control Room Console only), discon-
nect any cables plugged into the connector panel on the back
(including the Remote Panel if the system includes one).
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Checkout Procedure

. Connect the injector to a power source, then apply power. Ensure

that power is applied to the ECG trigger section of the injector, and
removed from the Oscilloscope section.

. Connect an ECG simulator to the ECG input then enter the follow-

ing injection parameters:

RISE/FALL 0 seconds

FLOW RATE 15 ML/SEC
VOLUME 10 ML
PRESSURE - 1000 psi

DELAY 0 seconds, X-RAY

. Set the ECG simulator to 60 BPM. The HEART RATE window

should display a value between 57-63 BPM, and the R-R SEC
window should dispiay a value between 0.25-1.05 seconds. Adjust
the Gain conirol as required.

Enter the following parameters on the ECG Control Panel:

DELAY 0 seconds
# BOLUS 4
R-WAVE TERMination OFF

. Arm the injector in the SINGLE mode, then inject. When the injec-

tion is complete, check the injection STATUS, verifying that the
actual results fall within the following ranges:

FLOW RATE
VOLUME

13.5 - 16.5 ML/SEC
35 - 45 ML

INJECTION DURATION 0.5 - (0.7 seconds

PRESSURE

less than 100 psi

. Enter the following parameters on the Control and ECG Panels:

RISE/FALL 0 seconds

FLOW RATE 10 ML/SEC
VOLUME 15 ML
PRESSURE 1000 psi

DELAY 0 seconds, X-RAY
DELAY 0.5 seconds

# BOLUS 5

R-WAVE TERMination ON

. Arm in the SINGLE injection mode, then inject. The plunger

should not move until after the first R-Wave. The plunger should
then advance 5 ml, stop, then resume with each subsequent R-

Wave,
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* When the injection cycle is complete, check the injection STATUS,
verifying that the actual results fall within the following ranges:

FLOW RATE 9.2-10.8 ML/SEC
VOLUME 24.1-259ML
INJECTION DURATION Q.4 - 0.6 seconds
PRESSURE less than 100 psi

8. Ensure that the following parameters are entered on the ECG
Control Panel:

DELAY 0 seconds
# BOLUS 1
R-WAVE TERMination OFF

X-RAY SYNC ON

End of ECG Checkout Procedure
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Checkout Procedure

Oscilloscope
Checkout Procedure

This procedure provides a basic performance check of the Oscillo-
scope option {abbreviated Scope) for the Mark V and Mark V Plus
systems.

1.

Apply power 1o the Scope. Ensure that there are two traces on the
screen, then ensure that the following default parameters are dis-
played on the Conirol Panel:

SWEEP MODE CONTIinuous
'SWEEP SPEED 25 MM/SEC

INPUT SELECT (Top Channel) ECG

INPUT SELECT (Bottom Channel) INJ

‘Enter the following parameters:

SWEEP MODE CONTinuous
SWEEP SPEED 10 MM/SEC
INPUT SELECT (Top Channel) AUX 1

INPUT SELECT (Bottom Channel) AUX 2

Position the Channet 1 trace at the uppermost Horizontal grid line,
then re-position the trace at the lowest Horizontal grid line. Press
and hold the CHANNEL 1 GAIN increase arrow for 10 seconds.
Press the 1MV CAL button, ensuring that the trace deflects
upward 5 to 7 divisions.

Position the Channel 1 trace at the third division from the top of
the screen. Set the CHANNEL 1 INPUT SELECT to INJ.

Position the Channel 2 frace at the uppermost Horizontal grid line,
then position the trace at the lowest Horizontal grid line, then re-
position the trace at the second line up from the bottom.

Set the CHANNEL 2 GAIN to allow the trace to deflect 4 divisions
by pressing the 20 ML CAL bution.

Press and release the 20 ML CAL button. The pulse should take

9.5 to 10.5 seconds to travel across the display.

Select a SWEEP SPEED of 25 mm/sec. Press and release the 20
ML CAL button. The pulse shouid take 3.6 to 4.4 seconds to travel
across the display.

. Select a SWEEP SPEED of 50 mm/sec. Press and release the 20

ML CAL button. The pulse should take 1.8 to 2.2 seconds to travel

‘across the display.
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10. Enter the following injection parameters:

RISE/FALL 0 seconds

FLOW RATE 10 ML/SEC
VOLUME 15 ML

PRESSURE 1000 psi

DELAY 0 seconds, X-RAY

11. Arm the injector in the SINGLE mode, then inject. The lower frace
should gradually deflect three divisions, then return to the base

line.

12. Apply power to the ECG option. Connect an ECG simulator input
to J44 on the rear connecior panel. Set the simulator for 60 BPM.
Ensure that the GAIN is set to allow the R-Wave to flash with each

beat of the simulator.

13. Ensure that channel 1 of the scope displays the R-wave, and that
the R-wave signal deflects at least two divisions.

14. Enter the following injection/ECG parameters:

RISE/FALL Q seconds
FLOW RATE 17 ML/SEC
VOLUME 15 ML
PRESSURE 1000 psi

. DELAY 0 seconds, X-RAY
DELAY 0.41 seconds
# BOLUS 2
R-WAVE TERMination ON

15. Set the SWEEP MODE to AUTO, then Arm in the SINGLE injec-

~ tion mode and inject.

16. Ensure that the following events and conditions occur:

» The scope screen will clear when the start switch is

pressed, then start sweeping.

The plunger should start moving on the first R-Wave (after
pressing the start switch).

The bottom trace displays two ramped wave forms, each
deflected upward two divisions.

The start of each ramp coincides with the location of the
intensified dot on the ECG waveform.

The end of each ramp coincides with the R-Wave.

The scope should stop sweeping approximately 0.25 sec-
onds after the completion of the injection.



R

v

Checkout Procedure

17.Select the INJ PREV function on the ECG option. The scope
should simulate the previous injection, without actually injecting.

NOTE:Return the syringe size and pressure setting back to
those programmed before beginning the checkout pro-
cedures.
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CPU Card

- CPU Card

There are two versions of the CPU Card, identified by the card revi-
sion level, part number, and serial number. Use the table below to
determine which card type the user has, then refer to the appropriate
description on the following pages. '

Assembly No. Revision Serial Number Card Type

78101-10-AP-01 Rev. Eand above  Above 20000 Type B
78101-10-AP-14 Rev. A and above  Above 27467  Type C
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CPU

Ciock

Memory

Memory /
Input/Output
Decoder

Bus Buffers

Watchdog 1

Test Section

CPU Card Type B

{Part Number 78101-10-AP-01 (-3), serial numbers 20000 - 27467)
The CPU Card contains the main injector operating program. Refer to
the figure on page 6 - 3 for a block diagram of the CPU Card type B.
The CPU Card contains the following circuits:

The Z-80 CPU U10 is supported by 40 Kbytes of EPROM, and 8
Kbytes of RAM. This processor provides a 16-bit address bus, an 8-bit
data bus, and several control lines for Read/Write, interrupts, etc..

Crystal Y2 {8 MHz) and clock generator chip U2, produce the 4 MHz
clock system for the CPU, and provide a Reset pulse when power is
first applied. This pulse resets the CPU, and ensures that the pro-
gram starts at the beginning.

CPU memory is comprised of four EPROM /PROM chips (U11
through U15), and one RAM chip (U16). These chips connect the
address and data buses, and are controlled by the enable lines from
the memory / /O decoder, and the Read/Write lines from the CPU. If
these chips need to be replaced, contact Medrad Service for current
revision EPROMS,

The Memory / Input/Output Decoder, comprised of U22 and U23, pro-
vides:
+  Control of the memory chips during read/write cycles

+ Two major decode lines (MEMIO1 and MEMIOZ2: Pins 16
and 17) that are buffered and sent to the Input/Output Card

« Direction conirol for the data buffer

The control lines from the CPU are buffered by U17, then sent to the
motherboard bus. The address bus is buffered by U18 and U19, then
sent 1o the motherboard bus. The flow of data is controlied by bidirec-
tional buffer U20, which is controlled by the Memory / I/O Decoder.
Control and addressing lines flow away from the CPU, while the buff-
ered data bus, can flow in either direction.

The CPU watchdog (U3) must receive puises from the I/O CGard on the
WATCHDOG 1 line, or CPU operations will be interrupted. The pulses
are generated on the /O Card, by decoding a CPU address. A ioss of
these pulses is most likely the result of a problem with the CPU orthe
EPROMSs.

The circuit surrounding U7 is used for in-house testing, and the
enabling of Utility programs.



CPU Card

v I
WATCHDOG 1 MASTER CPU RAM MEMORY ROM MEMORY
us ue 1T . U1 - Ug
-
F. 9. 3
MEMORY L0 :
crock DECODER DECODE LINES
Y2, Uz . [PL%) TO 10 CARD
U2, Uz
TEST
SECTION
07, 71

Figure 6.1: Block Diagram: CPU Card Type B
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CPU Card Type C

{Part Number 78101-10-AP-14 {-3), serial numbers above 27467}
The CPU Card contains the main injector operating program. Refer to
the figure on page 6 - 5 for a block diagram of the CPU Card type C.
The CPU Card contains the. following circuits:

The Z-80 CPU U10 is supported by 64 Kbytes of EPROM, and 8
Kbytes of RAM. This processor provides a 16-bit address bus, an 8-bit
data bus, and several control lines for Read/Write, Interrupts, etc..

Crystal Y2 (8 MHz) and clock generator chip U2, produce the 4 MHz
clock system for the GPU, and provide a Reset pulse when power is
first applied. This pulse resets the CPU, and ensures that the pro-
gram staris at the beginning.

CPU memory is comprised of one EPROM / PROM chip (U24), and
one RAM chip (U18). These chips connect the address and data
buses, and are controlled by both the enable lines from the memory /
I/O decoder, and the Read/Write lines from the CPU. EPROM chip
U24 is only accessed when switch SP2-2 is set {o the “U24” position.
If this chip must be replaced, contact Medrad Service for a current
version EPROM. In addition to standard memory, a separate EPROM
chip (U25) may be installed to access special utility functions. This
may he accessed be setting switch SP2-2 {¢ the “U25” position. Con-
tact Medrad Factory Service for more information.

The Memory / iInput/Output Decoder, comprised of U23 and U286, pro-
vides:

» Control of the memory chips during read/write cycles

« Two major decode lines (MEMIO1 and MEMIOZ: Pins 16
and 17) that are buffered and sent to the Input/Output Card
« Direction control for the data buffer

The control lines from the CPU are buffered by U17, then sent to the
motherboard bus. The address bus is buffered by U18 and U19, then
sent to the motherboard bus. The flow of data is controlied by bidirec-
tional buffer U20, which is controlled by the Memory / /O Decoder.
Control and addressing lines flow away from the CPU, while the buff-
ered data bus, can flow in either direction.

The CPU watchdog (U3) must receive pulses from the I/O Card on the
WATCHDOG 1 line, or CPU operations will be interrupted. The pulses
are generated on the /O Card, by decoding a CPU address. A loss of
these pulses is most likely the result of a problem with the CPU or the
EPROMs.

The circuit surrounding U7 is used for in-house testing, and the
enabling of Utility programs.



CPU C_ard.

T t —3 1 |
WATCHDOG 1 RAM MEM MEMOFY UTILTY
us uio Uts oY 24 ROM MEMORY
— - Uz
NN
MEMORY V0 B MEMORY
CLOCK DECODER SELECT
12, 152 [PL‘A) P2
U3, U26 DECODE LINES
TO UQ CARD
BUSES
BUS
BUFFERS DATA
Utr-i20 CONTROL
ADDRESS
TEST
SECTION
W7, SP1

Figure 6.2: Block Diagram: CPU Card Type C
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Chip

Serial Number Card Part Number Designation

CPU2XXXX 1027467  78101-10-AP-01 (-2, -3) Ut1
ui2
U13
Ui4
uis
u1s
u1s
U22
u23

CPU 27468 and Above  78101-10-AP-14 (-3) uz4
' u24

U24

u23

u26

Chip Part Number

MV7.0UN

MV 7.0U12

MV 7.0 U13

MV7.0U14

MV ENG 7.0 U15 (English)
MV GER 7.0 U15 (German)
MV FR 7.0 U15 (French)
M5JAZ22

M5JA23

MV ENG 7.0 U24 (English)
MV GER 7.0 U24 (German)
MV FR 7.0 U24 (French)
M5JA23

M5JA26

NOTE: Additional language configurations may be availabie.
Contact MEDRAD for additional information.
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Input / Output Card

B 7 Input / Output Card

S

Bus Buffers
Display Decoder

Display Buffers

/O Decoder

Parallel
Input/Output Chips

Through the 1/O Card, the CPU:

~+ reads Control Panel, external switches, and system event status

- operates Control Panel displays and external connections
» synchronizes and times the injection.

Refer to page 7 - 3 for a block diagram of the 1/O Card.

The control bus is buffered by U14, and the address bus is buffered by
U15. The bidirectional data bus is buffered and controlled by U22, with
direction control from IO decoder U8.

Signals for the Control Panel Display Card are provided by 4-16 chan-

nel decoder U1, while U7 inserts display driver “Wait States”. These sig-
nals control the Sentinel and LED display drivers. ‘

Two address lines, and eight data lines, are buffered for the Display
Card by U16 and U19.

Decoder U8, controlied by address and control lines, provides an
enable to programmable I/O (P1O) chips U5 and U6, counter/timer chip
(CTC) U4, and, provides data direction control for data buffer U22.

Parallet 1/O chips permit the CPU 1o access external inputs, and to con-
trol outputs.

- PIO1 — The inputs {o U6 are the hand start switch, remote start
switch, and remote disarm input. Through the data buses, the CPU
can check the digital status of these inputs. Outputs from U6
include: The film changer relay enable, two injecting signals, Armed
signal, and Head Indicator signals. Through the I/O chip, the CPU
can turn these outputs on and off,

« PlO2 — This device (U5) is dedicated o decoding of the keypad on
the Control Panel. Port A (sense line) rotates a Logic-0 on each line
on the keypad matrix. When a key is pressed, one line of Port B will
go to Logic-0. The CPU compares Port A to Port B 1o determine
which key was pressed.

Port A lines AD - A3: for the Main Keypad
Port A lines A4 - A7: for the ECG/Scope Keypad

7-1



Mark V and Mark V Plus Injection Systems

Counter/ Timer
Chip (CTC)

Test Decoder

Test Section

ECG Detector -

The CTC (U4) generates interrupt signals for the CPU. The interrupts
are prioritized and asynchronous with the system clock.

~+ Trigger 0: (Not used with SYS 500-PI, or RMT 505-P)/510-Pl) R-

wave detector interrupt request. When an R-wave is detected, an
interrupt is generated. Trigger 0 has the highest priority and is
used only with the ECG option.

s Trigger 1: PPl memory error interrupt request. PP primary and
backup memories are compared each time primary memory is
read. If primary and backup data values are not equal, an interrupt
request is generated.

« Trigger 2: UART {Universal Asynchronous Receiver-Transmitter)
- interrupt request. This indicates that the Remote Panel is request-
ing communication with the Main Unit.

» Trigger 3: Timed Interrupt. This provides a real-time clock and
delay timer function. During an injection, this interrupt program
performs Flow Rate and Volume Limit calculations. This interrupt
is not externally triggered, but driven from the time divided clock
generator. 8 '

This 4-16 channel decoder (U2) provides Reset pulses for Watchdog
1, and controls timing of the buzzer.

- The circuit surrounding U17 and U18 is for in-house testing.

This circuitry is used only with the ECG option. The incoming R-wave
signal is sent to the multiplying DAC circuit (U20, U21, U23, and U24
or U20, U21, and U28), while sensitivity to this signal is controiled by
the Gain Up/Down keys on the ECG Keypad. Gain information is sent
through the data bus to U20, which sets a muitiplication factor for DAC

- 'U21. The output of the DAC is buffered (at U24 or U26A), then sent to
~ the R-wave detector U23 or U26B, of which output is a pulse that indi-

cates an R-wave. This pulse goes through a pulse shaping network

(U25 or U27), then to CTC Trigger 0.

)



Input / Output Card

I_SlGNALS TO AND FROM DISPLAY CARD

1 1

-] 10 SIGNALS
| -(-.--.. SISTART
DISPLAY DISPLAY Pio2 e IGHALS
DECODER BUFFERS U5 <
Ut, U7 uzs, 049 FiLM
——3 CHANGER
TRIGGER
Buses
> BUS
DATA BUFFERS B DATA/ADDR ONTRO
ADDRESS
14 juis Juz
CONTROL v I
I
ECG
“— e o5 2 3 et
BECODER uan, 21, 2325 o CHANNELS
p ua, 21, 25, 7 o3
V! 'T
ECG
INPUT
cae SECTION
SONER Us, uts
Figure 7.1:

Block Diagram: /0 Card
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Servo Control Card

: 8 Servo Control Card

Bus Buifers

Direction Logic

A/D Converter

A/D Converter Logic

DAC Decoder

WATCHDOG 2

PIO3

The Servo Control Card (SCC) serves two primary functions:

« Provide signals that control the Flow Rate and Power Drive
circuits

- Read and interpret information ffom the head, to control
injection Flow Rate and Pressure [limit].

Refer to the figure on page 8 - 4 for a block diagram of the Servo Con-
trol Card. :

The control bus is buffered by U12, and the address bus is buffered
by U11. The bi-directional data bus is buffered and controlled by U10,
with direction control coming from direction logic.

Gates U7-US control the direction line of U10, controlling the flow of
data to and from the card.

Analog-to-digital (A/D) converter U1 inputs a multiplexed analog sig-

~ nal, and converts it into a digital word. This process is controlled by

A/D converter logic (U4, U5) and DAC decoder U14. When requested
from the CPU, the converted 10-bit value is gated to the data bus by
tri-state buffers U2 and U3.

Gates U4 and U5 control the A/D converter U1, starting the A/D con-
version when the data is ready, and enabling buffers U2 and U3 to
transfer the converted word to the data bus.

Decoder U14, with U18 and U8, provide enable signals for the DACs
(digital-to-analog converters) and the MUX (multiplexer). These
enables allow data bus information to be written to the device. The
decoder also provides signals for the A/D converter logic, direction
logic, and Reset pulses for WATCHDOG 2.

The DAC decoder sends pulses to WATCHDOG 2 (U15) when the
mechanical stop is in position, and “Ready to Inject”. If the Mechanical
Stop takes too long to move into position, the pulses from the DAC
decoder will stop, resulting in a disarm condition. The Sentinet will
then display the message “Mechanical Stop Position Failure”.

The inputs to P1O3 (U16) are signals from the Injector Head, Power

Drive Circuit, and the analog portion of the SCC. These inputs
include: Turret switch position, 60 mi indication, and FWD/REY indica-
tion from the Injector Head, Aux Monitor from the PDC, and an Over-
pressure Limit signal from the SCC. The status of PIO3 inputs are

8-1
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System Monitor
Flip-Flop

Command, Position,
and Signal DACs

Multipiexer (MUX)

TTL/CMOS Converter

10V Reference
Pot Processor
Primary Pressure
Limit Circuit

8-2

directed to the CPU through data busses. Outputs from PIOS include: . \
Flow Conirot signals, the Safe Relay Enable, and the System Over-
ride signal.

The flip-flop (U17) sends alarm signais to disarm the injector, if ahy of
the following input conditions occur: WATCHDOG 2, OPLIM (over-
pressure signal), or AUX MONITOR (power drive failure).

When enabled and timed by the DAC decoder U14, one of the DACs
{U21-U24) will read a byte of data bus information. The DAC then

‘converts the byte to an analog voltage between zero and 10 VDC.

DAC resolution is 40mV per count.

Pressure Limit Command DAC

The output of this DAC is the Pressure Limit Command signal
(PSILIM SELECTED). This signal is sent to the Multiplexer, the Pri-
mary Pressure Limit circuit, and the Overpressure Limit circuit.

| . Flow Rate Command DAC

The output of this DAC is the Flow Rate Command signat (FLOW
RATE SELECTED). This signal is sent to the Multiplexer, Flow Scale
Circuit and Power Drive Card (PDC, PDCP, or PDCI).

Mechanical Stop Position DAC

The output of this DAC is the Mechanical Stop Position signal
(MSPOSCMD). This signal is sent to the Multiplexer, and through
Unity Gain Buffer U26C, to the Mechanical Stop Drive Card.

Velocity Signal DAC

The output of this DAC is a digitized velocity signal, sent to the Imag-
ing System Interface Card. This signal is buffered, becoming the Flow
Profile Signal available through connector J15, pin 4.

The muttiplexer circuit is comprised of multiplexer U19, Quad latch
U20, and Unity-Gain buffer U26A. This circuit receives eight inputs,
and under timing control connects each input to the circuit output,
which is sent to the A/D converter.

U25 converts TTL logic (0/5V) to CMOS logic (0/15V).

Chip U28 develops +10 VDC as a reference voltage for the Plunger
and Mechanical Stop position feedback pots in the head. This voltage
is also applied to the multiplexer to be monitored by the CPU.

This circuit, comprised of U27C and associated components, buffers
and filters the pot wiper signal. The pot signal is an input to the multi-
plexer and the error amplifier.

L

The Primary pressure limit circuit (U26B), compares the pressure limit ~
command to the actual pressure developed during an injection. The



Servo Control Card

Overpressure Circuit

Flow Scale Circuit

Standby Reset Circuit

Flow Rate Integrator

" Error Amplifier

Feed Forward Circuit

output of this circuit is sent to three Pressure Limiting circuits to per-
form the following functions:

Flow Rate Integrator Circuit U29.

The output of U26B is summed with the Flow Rate command to effec-
tively reduce the input voltage to U29. This action results in the reduc-
tion of the Flow Rate command signal, thereby preventing the
selected pressure limit from being exceeded.

Inverting amplifier, U27B.

The output of this ampilifier is summed with the output of the Main
Flow Integrator, to reduce the voltage sent to the error amplifier U27D,
thereby decreasing the error signal.

Circuit Q4. -

This circuit is driven to cut-off, sending a pressure limit mdlcatlon sig-
nal (PRESLIMIND) to PIO3 (U18), and eventually to the CPU. This
PRESLIMIND signal will also send Q12 into a saturation state, which
shunts R81 and reduces the gain of the error amplifier, thereby
decreasing the error signal.

If the actual pressure exceeds the pressure limit command by greater
than 100-150 PSI, the Overpressure Circuit (U26D) forwards an
OPLIM signal to stop the injection.

Using the two flow scale signals, circuits Q5, Q6, and Q11 attenuate
the flow rate selected signal during ML/MIN and ML/HR flow scale
injections.

Driven by the INJECT signal, Q8, Q9, and Q10 control the flow rate
integrator, U29. During standby, the integrator follows the position pot.
The output of the integrator is equal in amplitude, and opposite in
polarity to the position pot. When an injection is to occur, this circuit
allows U29 to generate the position command.

The master position command is generated by integrator U29. The
output of this circuit is a ramp, with a slope proportional to the input
signal (flow rate selected).

When the plunger is moving at the desired flow rate, the master posi-
tion command from U29 and the pot wiper signal from U27C are equal

- but opposite in polarity. The output of error amplifier U27D is the dif-

ference between these two signals, or the position error. This error
signal is used by the drive circuits to power the motor. If pressure lim-
iting occurs, a signal from U27B reduces the error signal, and the gain
of U27D is reduced by Q12.

This circuit, comprised of Q7 and U27A, provides a boost voltage to
the motor to compensate for the internal resistance of the motor. This
turning voltage varies with the Fiow Rate.
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MUX - OV
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Figure 8.1: Block Diagram: Servo Control Card
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PPI Card

- PPI Card

There are two versions of the PPI Card, identified by the card revision
level and serial number. Use the chart below to identify card type, then
refer to the appropriate description on the following pages.

Revision Serial Number PPl Card Type

Revision B 20000 - 25665 Type B
Revision C and above 25665 and Above  Type C



Mark V and Mark V Plus Injection Systems

Bus Buffers

Decoder

PPI Memory

Memory Comparator

Analog Switches

Power-Down and
Battery Circuit

RS-232C Circuit

9-2

PP| Card Type B

{Serial numbers 20000 to 25665)
For a block diagram of PP1 Card type B, refer to page 9- 3.

The control bus is buffered by U3, and the address bus is buffered by
U1 and U2. The bidirectional data bus is buffered by U4 and U5, with
direction deiined by one of the lines on the conitrol bus. These data
buffers are enabled by the decoder. The data bus for the primary
memory chip is controlled by US; the backup memory chip data bus is
controlied by U4,

Decoder UB provides the enable lines for the data bus buffers, the
memory chips, and the RS-232C circuit.

Primary PPl memory is provided by 8K RAM chip U9. Backup PPI
memory is provided by U8. The chips are enabled by signals from the
decoder, while outputs are enabled by lines from the control bus.

The data buses from the primary and backup memory are continu-
ously compared by U7. If the values do not agree, latch U11 sends a
signal (MEMERRINT}, enabling the CTC on the I/O Card, to interrupt
the processor.

The enable lines for the memory chips are switched through U16.
When power is applied, the switches are closed, connecting the
enable lines. When power is removed or [ow, the switches are open,
disabling the enable lines to preserve power.

When power is removed, or is low, Q1- Q3 disables U16 and opens
the analog switches o disable the memory chips to conserve power
as they switch over to battery power. The battery provides backup
power for the memory chips 1o preserve the contents when power is
removed. '

This circuit consists of Universal Asynchronous Receiver/Transmitter
(UART) U13, baud rate clock U12, line receiver U15, and line driver
U14. With this circuit, the Main Unit can communicate with the
Remote Panel using an R8-232C serial interface.



N

P

PPI Card

BUSES
DATA
ADDRESS
CONTROL

)

DECODER
us

BUSES: DATA/ADDRESS/CONTROL

45 VNG e MEMMERINT TO CTC
ON O CARD

BACKUP VOLTAGE

CIRCUT
V12515 RE-232C INTERFACE

Figure 9.1: Block Diagram: PPI Card Type B




Mark V and Mark V Plus Injection Systems

Bus Buffers

Decoder

PPI Memory

Memory Comparator

Analog Switches

Power-Down and
Battery Circuit

RS-232C Circuit

Ferrite Beads

PPI Card Type C

{Serial number 25665 and above)
For a biock diagram of PPl Card type C, refer to page 9 - 5.

The control bus is buffered by U3, and the address bus is buffered by
U1 and U2. The bidirectional data bus is buffered by U4 and U5, with
direction defined by one of the lines on the control bus. These data
buffers are enabled by the decoder. The data bus for the primary
memory chip is controfled by U5; the backup memory chip data bus is
controlled by U4.

Decoder U6 provides the enable lines for the data bus buffers, the
memory chips, and the RS-232C circuit.

Primary PPl memory is provided by 8K RAM chip US. Backup PPI
memory is provided by U8. The chips are enabled by signals from the
decoder, while outputs are enabled by lines from the control bus.

The data buses from the primary and backup memeory are continu-
ously compared by U7. If the values do not agree, latch U11 sends a -
signal (MEMERRINT), enabling the CTC on the /O Card, to interrupt
the processor.

The enable lines for the memory chips are switched through U186.
When power is applied, the switches are closed, connecting the
enable lines. When power is removed or low, the switches are open,
disabling the enable lines to preserve power.

When power is removed, or is low, Q1-Q3 disables U16 and opens

the analog switches to disable the memory chips to conserve power
as they switch over to battery power. The battery provides backup

power for the memory chips to preserve the contents when power is
removed.

This circuit consists of Universal Asynchronous Receiver/Transmitter
(UART) U13, baud rate clock U12, U19 RS-232 line driver and
receiver, and ferrite beads FB1-FB5 added for reduction of conducted
noise. With this circuit, the Main Unit can communicate with the
Remote Panef using an RS-232C serial interface.

FB1-FBS are used to suppress noise from the power source,

NOTE: Clearing of PPI| Memory: Type C PPI Cards contain a
new feature for the simplification of clearing PPl mem-
ory. This can be accomplished by removing power,
then shorting pin 2 to pin 1 or 3 of JU1. The shorted SOy
‘state should be maintained for several seconds to o
ensure complete and proper clearing.



B

PPl Card

BUSES: DATAJADDRESS/CONTROL

15 VD0 ———3m  RATIERY

MEMMERINT TO €TC
CIRCUT ON VO CARD
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Figure 9.2: Block Diagram: PPI Card Type C




Mark V and Mark V Plus Injection Systems

NOTES:



|
| DA 'OV ) NOITILIN LS Mot
opow 09 fou jedei AU 0 WS O DM 'ORKIIN 17
asond 2 o o
| njop goae Euzuﬁagfﬁ_ﬁ 11?3...5 ﬂp,s&ﬁsv o ' T
| SNIRYSD 3Tv05 10N 00 5 SALON
| N1ARESSY Qdvd 7 ‘ONRETIOS W URLY + 7 € 7 SGW Tvash <3 ]
I Idd = 40LJ3CNI A AR [RENE o e
¥ Ty JASRIBIZEVA pemcd R WM S0NOD3S § HITI0S (W Eu._m_.(-..—-w_uﬂw%.u—mv.m v LON 0O
M1 SUSHIANID | 0TS 30UVHIS ASHIYDY GHYRS
A L N e ¢ | USRRLAE | 0GRS | 0L 5¥ 05 "HIKID N3 SNoeAGL houd 5357 DALV LNGATH OL E3NNWY ¥
1 S | SIHOT SONTG_ N QOIS 35 [1 S QN SIONEC TLIH AUK OFIONRN 38 5L LON
| ) A¥IUVE OITIM0D NI38 3AWH ASSY G0 SHL H03 SIMN02308d
IN0-423H3 TOMLITT T WA JITRASN! 3@ OL 10N (L18) AMalied 2
a OHIRNYEDCE] ALY
| O3HVLY 34 OF 3w S136v1 Tvd osem&?:n e
0N ld NN "SHOLWDNMISK
m 16-Xd-00~r9or6f 000 .Wm
NOLYTIVISKI O HORIJ RAVUSOL 38 1500 9n CE_]
i
| v
HICI0S AWM HRALY QITIVISHE 38 0L
| SUSINOGNOD QLDIDS TI¥ H3ITI08 IATM HILY (ITVASHI
38 QMY H3ATI0S Jm OL BORI Q3ASYM SNOUYDOT HIH{
i S 04 M30I05 T 10N 00, (bAvv SUAGRGNOO T
| & % ¥
_ X €
X <
| A I g-na-e EE X z 5
- &3 BHTOS
| | i e, A s
:. 10N 00 10N 06 S
_ 2esmi LYTHE ATVEVINGHOD S5330Hd A
| s ea.ﬁ EeE s i mn_q i
P " i SHOUIISH "D ¥ 1531 VL WY S
| ™ s 0 -No BAUDTHEIH TRLNL QUOHS ‘D % ¥/L S04 bGNYAN3 O (11 raul 13
.as ’ sy TUNHATHA BISN SHOOT ATY ¥ 'ON WRES JUFIWNGD OL NOUDNCHSCT |
| e . SQ atlg D &S LA
£y ~ o
_ 52
. “Fdl SI NCIYOOT MIORIC NOIRISNI 030N 1HONC T ]
| =5 /g lexi
[E2 “JASIHOV CISYS INCONKS TIEVAOHIY
| [£% .E: . INITANGT O AW 380 OMI0R WL 01 LA WALSws 01 ansapey 3sn (B
- :: S
" - 1455t Be .t_s. m M
e & wed mn & Z
SOMD M somd " =
| B a son | L i e e [0 =
I Lyl m L mv - [ - 921 ONUANON
£
_ . O s nm:uam 3
' @ 4N 30Wd TIVISN * 8
i g
. (50H7 r)
ASE 0L
! Nx; Oﬂd - mi ugnzn . .HEI
| oE My weL
. Ot =1 “ ma_q u:._ x: |I| E_III;I, 5] ]
I Qe ) v_a e LB e 2
| o A |.ia§ T =
+ O_ﬁ I . LT P
Ay
_l ugmnzunze o0 »_.w,. EA
|
_ HIHG _MV\
| Tl -
|
|
i
1 4a
]
I
bt
b [
| ———  soww@wl.- /) e
| z 3 ¥ T g L 8

}
H




»



Z d0 & t3aHs _ Q340D 3va JAAIT | PE-8Z-6( SNIBIZUVA oy rous Sn'en dig z SY9-~-SIPL—+L0 S¥9S5T¥s CSNYHL SNB ‘O §9
1 —\.I.QOIQ_{| O _\ — *O _‘mﬁ ‘ATY - |¥6-8Z-6] DISMOGOTH .o 6n'sn 91| T | S10-$9SS—+L0 i ld—resGoL Wvd SORO ‘01| +9
‘AT VIGHAN_OMO H04 16/Z1/¢ 315 J— gLn dK L 000—990% ~+00 9B0¥ "HOLIMS SUTWNY OVND '2i} €9

L CLHS | 18/41/S) ISIVA e ENEN 10 S0 | £ | 1¥S-S1wL-bLO fveSrL u3danE Ot 29

>|_m_2mmm< DW_(Q 3438 ava SFUALYNDIS otn did 1 ZC0—SPL-L0 ZESIvL HO LNdNI—Z2 avnd 'Ot 19
_ﬂ_.ﬂ_ _ WWOHQM_ﬁZ_ >¥S_ .Honv__u_su_m,«qzuﬁww_u‘t ac._o&uho_mw_o_ﬂ_un hﬁww‘w LN did A FLO—SIPL—¥LO FLSIFL ‘gOTd—-dNd O ‘Dt 09
_- —op a0 o on .o“_ _céo_u . szn_s_m Fhitl- LNy AL+ | tOLl—0leb—0Pe | IS AHOM 00l “Avduy HOLSISAMY{ OS

0BZ0- 15051 Ve 'V IONYIONI TUNIQUNOD  2U} ) JWSWNI0p. St Ul o Wy | L § 000-2010-F0T| %S M v/l WHOM | WOIRISEM| L¥

s o JAHO QYHT3R INO pauIDIUod 0jop uonodddo puc ubisep oLy XY | L |} 000-SO0f0-—-£0%T %S M v/L 'WHOW © ‘Dolsisad | Ot
O Z_ GD <m Dm E juawdinba UGHDWLIONH [02IUY2RY |IY 64 1Xv s Q00—0L20-C0C 2G M +/L CWHO 42 ‘HOASISEN | St
Fly'gy'sd Xy < 000—10Z0—EL0F 28 M /1 'NHO QOZ ‘WOLSISIH | ¢

oy Iy i Q004+ 0O—-£0¢ %G M £/ TAHOM 4P "HOLSISAH | ¢

cu'vy Xy Z 000—¢0¢0-£0% %G M P/L 'WHOX OF 'HOLSISIH | Tt

'Ly XY z 000— 1 £%0-£0% %G M b/ 'WHO OFH 'HOASISIH | tP

L19'cy Xy Z 000—£0L0—~£0¢ %5 M 71 ‘WHOM 0O 'Woasisad | O

FAVRINIE | ] o0 1 0S0—0ELy—TOL AB'TS WOEL¥NL '3Q010 | 9T

£Q't0 Xv{ 2 000—-8¥ 1 ¥—G01 ari¥NL 'A00A ]| G€

0 ma L 000—906Y —1TL BOGTNE 'HOLSISNYYL| TC

4] Ha L Qo0—toBE—0Z1L POBCNE "HOLISISNYNL| L€

L] Ma i 0o0-—-£615—52 1| £8L5NT 'H0LSISNYEL | OF

484184 (AN3G © 91 =1 000—GZ91—08¢ av3g Jluy3d| S

LA 9N L Q00—L££00~0RL ZHW +8B9'T '"IVLISAND| GE

620'820] S~ 0 z 050—0L¥0—LOT Adit 'OINWHED 'dvD | €2

be'oz-pzzr'lL~13f S1—V° B2l 9l 050—5£010—102 AQS 'SNLO" 'avD | ZTZT

LTI S1-V ol Z | ST0—9Li¥0—¥0E AGT ANLy ‘e 1T

€E0-0e0'9L3 | S1-1° " =1 SE1—9010—-+0T AGE 'ANOL a2 | Q2

an 9 L 0Z0-1028—5+S Nid 0Z ‘13Mo0s Ol S

pdl-ldi Ma + a00—8cZ 1 —Z+9 AvMINYEL dvnanl| Z4

w8 i 259-£600-05S HIFWAN IWIH3S MNvIE M3avl| L

o e L £00— 1008815 NOILISOE € '¥3aY3H Nid| Ol

118 wny L 001 —GZEZ—L6Y GHL=GZEZHA ‘ku3tlva| 9

9N |3 310N ny L Q0E—51LZ— L0 HNVIE ivd ‘S| 04 gn {3 310N ny 1 519—2100—0G65 Ted HMMy1g Eevi| 6
in did L 889~5TtL—vL0 SHOSIPL ‘HOLWYYINGD ‘1| 89 i L 000—200L~CIS (MOTI3A) 'HOLD3IFT GuvD | +
£ Bl 1 00l —L+92—-1G0 FHOZNDS 'luvn Ol @9 MY [ Q00— L00L—01lS Nid HOLD3r3 Quva| ¢
Zin did i +00—2d¥£—080 0Dd¥ 4 ‘HALHIANI X3H ‘DI 49 L34 L 000—-0D0L—-01S {3LmY HOLD2r3 auva| 2
6in did 1 Q00—Z£Z0— LGS0 Zogwyn 'Zezsd ‘ol @9 o1 I {90-0d—01—-£018L (dn Omv 3 A3M) ‘Ouvo Ood| L

ois30 a3n| 3990 | J000,] Mo | w3ENNN Lavd NOILdI¥DS30 nau| oszo -a3u| 3909 | JAO | ww | wIGAON Lave NDILARIDST Wil

IVid3LYING 4O T1T11g




!5

H

r
e




Controf Panel

10 contorpare

Keyboard Overlay

Display Card

Sentinel Display

Numeric Display
Drivers and
Numeric Displays

LED Driver,
Transistor Driver
and LEDs

The Control panel is comprised of the keyboard overlay attached to
the Display Card. Three different types of interchangeable Display
Cards have been produced. Refer to page 10 - 2 for a block diagram
of the Control Panel cards.

The keyboard overtay coniains snap-action membrane keys, intercon-
nected in a matrix of four columns and eight rows. This matrix is con-

nected to the Display Card, then to the I/O Card, where PIO2 senses

key closures for the system.

The Display Card contains the alphanumeric displays and LEDs that
show through the keyboard overlay. These devices convey messages
and operating status to the operator. The Display Card contains the
Sentinel display, numeric displays, and LED displays.

The Sentinel is made up of eight, 4-character display units (DS1
through DS8), creating a 32-character read-out. These devices
receive data and control information from the /0O Card.

Three display groups are used to display injection parameters on the
Control panel. Each display group consisis of a display driver (U1, U2,
or U4), and numeric display units. Display drivers also receive the

‘data and control line information from the 1/O Card. Group designa-

tions are as follows:

Display Briver U1, displays Volume (DS23 - DS28), Flow Rate {DS11,
DS12), and Rise/Fall (DS9, DS10). -

Display Driver U2, displays Pressure [limit] (DS27 - DS30) and Injec-
tion Duration (DS13-DS15).

Display Driver U4, displays Program Number (D516, DS17), Total
Levels (DS18), Level (DS22),and Delay (DS19-DS21).

The remainder of the Display Card circuit controls and drives LEDs
used as backlights of various indicators on the Conirol panel. Display
driver U3 controls all LEDs, and receives data and control information
from the /O Card. Each LED group contains drivers such as Q5 and
Q6, or IC U5. These three columns of LEDs are enabled by Q20
through Q22, and driven by Display Driver U3.

10-1
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SIGHALS TO AND FROM KEYBOARD
PIO2 ON 1 CARD CVERLAY
SENTINEL
TISPLAY
DS1-DS8
ADDRESS BUS NUMERIC
AND CONTROL LINES DISPLAY MNERS
FROM U0 CARD DRIVERS ek
o Ui, Uz, 14
REMOTE PANEL
CONTROLIER CARD
LED
DRIVER
u3

Figure 10.1: Block Diagram: Control Panel
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Power Drive Circuit

1 1 Power Drive Circuit

~ The Power Drive Circuit supplies, and controls power to the Injector

Head Plunger Motor.

The Power Drive Circuit is located primarily on the Power Drive Card.
The Safe relay, Reverse relay, and selected output stage components
are located elsewhere in the unit. The filter choke is mounted on the
chassis frame.

The information in this section describes three versions of the Power
Drive Card. Cards designated “PDC” are those with serial numbers
below 60000, those designated “PDCP” are serial number PDCP 60000
and above, and those designated “PDCI” are cards serial number PDCI
70000 and above. The following information describes the PDC Card,
while a circuit description for the PDCP Card can be found on Page 11 -
9, and for the PDCI Card on Page 11 - 17.

NOTE: The PDC Card cannot be used in Mark V Plus systems.

NOTE The Power Drive Card International (PDCI) was rede-
signed to ensure compliance with IEC 601-1 electrical
standards, regarded as the worldwide electrical stan-
dard. A new power amplifier design coincides with the
release of the MKV Plus International Injection System.
The new International boards are identified by having an
“I” after the designated prefix (PDCI), and are not inter-
changeable with any predecessor.
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Mark V and Mark V Plus Injection Systems

Brake Circuit
Qs, Q9, Q10

Overcurrent
Shutdown Circuit
U4B, DRC Q1
(Q11 on CPA)

Safe Relay /
Safe Relay Enable
K1, Q5

Reverse Relay
Enable Circuits
K2

11-2

PDC

(Serial numbers below 60000)
Refer to pages 11 -7 and 11 - 8 for block diagrams of the PDC Card.

The Brake Circuit is used to stop the plunger motor at the end of an
injection, or if an error condition occurs during an injection. This pro-
cess is called Dynamic Braking. When the Safe Relay opens, the
motor will continue to turn, thereby acling as a generator producing
voitage. When the brake is activated, the motor winding is connected
across two .75 ohm, 5 watt resistors, or one .68 ohm 2 watt resistor,
stopping the motor. At the end of an injection, the error signal
(ERRSIG, a command from the Servo Control Card) goes negative (-
1V), activating the Brake Sensing Circuit Q8 - Q10. A SYSTEM
OVERRIDE, AUX MONITOR, or overrate signal can also activate the
brake.

" The overcurrent shutdown circuit (U4B-C on PDC and Q1 on DRC

[Q11 on CPA]) opens the motor voltage path if excessive current is
flowing through the plunger motor circuit. The Sampling Resistor is in
series with the motor, and voltage across it is directly proportional to
current through the motor. This voltage is an input to Motor Current
Amplifier U4C, and to one input of the Overcurrent Shutdown compar-
ator (U4B). The other input of U4B is tied to a voltage divider, to estab-

~ lish an overcurrent shutdown reference (approximately -6V). When

the output of U4C rises above this reference voltage, the output of
U4B reaches negative saturation. This voltage is applied to the Gate
of Overcurrent Shutdown FET Q1 on the DRC {(Q11 on GPA), forcing it
into cut-off and opening the motor voltage path.

Safe Relay K1 completes the motor voltage path between the SCR
Bridge stage, and the Plunger Motor. K1 also provides an additional

h pair of normally-closed contacts to allow the Mechanical Stop Motor to

run while the injector is disarmed, yet prevent the Plunger motor from
running. K1 is enabled by a Forward or Reverse load command from
the injector head, or when the injector is armed (Safe Relay Enable
[SAFRELEN] from the SCC). In both cases, theses signals cause Q5
to conduct, providing a ground paih to energize K1 (SAFRELQO). This
action disabtes the Mechanical Stop Motor by breaking connections to
the motor, and allowing power to flow to the Plunger motor. The Safe
Relay is disabled by a SYSTEM OVERRIDE/AUX MONITOR from the
PDC, or a loss of the SAFRELEN from the SCC.

When Reverse loading, both Safe Relay K1 and Reverse Relay K2,
must be energized. When REVERSE load is activated, +26 volts
energizes K2, reversing the polarity of the plunger motor.
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Power Drive Circuit

System Override

Differential Amplifier
U1B '

Phase Shift Network
U1A

Zero Crossing
Detector
uU1C, UiD

Ramp Generator
Q1, U2A

The SYSTEM OVERRIDE shuts down the PDCP if the system detects
the presence of a “System Monitor’ type condition (Overpressure,
Overvolume, or Overrate [via Aux Monitor]). When the SYSTEM
OVERRIDE signal from U16 (PIO 3) on the SCC goes high, the signal
is sent through D21 to: Disable the Safe Relay (R50, R82, Q4), acti-
vate the brake (D28, D25, Q10), and disable pulses to SCR bridge
controller (D28, R87, Q3). SYSTEM OVERRIDE and AUX MONITOR
are ORed on the PDC to form a redundant shut-down circuit.

The Differential Amplifier (U1B) is used to establish a reference sine
wave for use by the zero crossing detector. Inputs to U1B are positive
half-waves taken from the secondary of Transformer T1, and half-
waves rectified by diodes in the SCR bridge Z1. The positive half-
waves coincide with both the positive and negative hatves of the input
sine-wave. When the non-inverting input of U1B (pin 5) goes posi-
tive, the inverting input of U1B (pin 6) will be at or near zero voits. Out-
put of U1B will go positive, producing the positive half of the sine-
wave. Likewise, when U1B pin 6 begins to go positive, the voltage at
U1B pin 5 will be at or near zero voits. The output of U1B will go neg-
ative, producing the negative half of the sine-wave. This action rees-
tablishes the reference sine-wave.

The Phase Shift Network is used to produce a sine-wave that is phase
shifted 0.4 mS ahead of the incoming sine-wave. This ensures that
sufficient voltage and current exist to fire the SCR bridge. Input to the
Phase Shift Amplifier, U1A, is the output of U1B. R6 adjusts the
amount of phase shift at the output of U1A.

The Zero Crossing Detector circuit will produce a positive going pulse
{(-15v to Q), and reset the Ramp Generator circuit (U2A) when the
input sine-wave passes through zero. Input to this stage is the phase
shifted sine-wave from U1A. U1C and U1D function as a “Window
Detector”, each producing a positive output when input voltage is
within the established window. The non-inverting input to U1C has a
positive offset voltage, while the output of U1C goes to positive satu-
ration when the iriverting input voltage drops below the offset. The
inverting input of U1D also has a negative offset. Output of U1D will
go o negative saturation when voltage at the non-inverting input
drops below the offsel. The outputs of U1C and U1D are ANDed by
D3-D4, and when both are positive, a positive going pulse is sent to

- reset the Ramp Generator circuit,

Integrator U2A generates 2 voit (-2 to 0 volt} ramp waveforms
between each zero crossing. These ramps are used to establish a ref-
erence for the Trigger Comparator (U2D). During an injection, the
Error signal is summed with the ramps and applied to U2D. The Error
signal raises the DG reference level of the ramps. The integrator is
reset (zero crossing detector applies a positive going puise to the gate
of Q1) when the sine-wave passes through zero.

11-3




Mark V and Mark V Plus Injection Systems

Trigger Comparator,
SCR Controller
uz2D

Full Error Trigger
u2C

Delinearizing
Network

Power Output Stage

11-4

The Trigger Comparator (U2D) determines duration of pulses that fire |

the SCR bridge. The input to U2D is the summed Error signal and
ramp wave-form. Duration of pulses is determined by the amount of
time that the input wave-form value is greater than zero volts. In
standby, input to U2D is 0 volis. The output of U2D is negative satura-

* tion. Diode D18 supplies a ground path for +15 volts across R38,

sending Q2 into cut-off.

- During an injection, the Error signal raises the ramp wave-form above

zero volts. When ramp voltage is above zero, output of U2D switches
to positive saturation, reverse biasing D18, and removing the ground
path for the +15 volts. This voltage is applied to Q2 (through R38, D19
and D20), providing a ground path for +26 volts (through R12, R13,

and Q2), which creates a positive to negative transition on the primary

_ of pulse transformer T1. The pulse transformer will invert the polarity

of the secondary, creating a negative to positive pulse to fire the SCR
pridge. The duration of the pulse is determined by the amount of that
time the input to U2D is above zero volis.

Transistor Q3 is uSed to ground trigger pulses (remove base voltage
to Q2) if a SYSTEM OVERRIDE, AUX MONITOR, or overrate injec-
tion occurs.

The Full Error Trigger will fire the SCR bridge if a large, instantaneous
Error signal does not allow U2D to trigger the SCR bridge. In order for
the Trigger Comparator (U2D) and the SCR Controller to fire the SCR
bridge, the output to U2D must be allowed to drop below zero. If the
Error signal is too large, input of U2D stays above zero, consequently
output is held in positive saturation. If this occurs, U2C will invert the
output of the zero crossing detector, and pulse the SCR Controller.
The puises will continue until the Error signal drops to a value which
allows output of U2D to pulse normally, and resume firing of the SCR
bridge.

The circuit comprised of R80,' R22-27, D7-8, and C18, increases drive
circuitry sensitivity to small error signals, and decreases sensitivity to
larger error signals.

AC power from the power transformer is applied to the SCR bridge
Z1. The output of the bridge, controlied by gate pulses from the SCR
controller, is filtered by 1.1 and C1 on the DRC, or L1 and C13 on the
CPA. The SCR bridge is protected by an MOV across the AC input.
The SCR Bridge output is protected by MOV Z2, while direction of
motor rotation is controlied by Reverse Relay K2. Motor current is
sampled for the pressure circuits and the overcurrent shutdown circuit

_' by Sampling Resistor R4 on the DRC (R57 in the CPA).



Power Drive Circuit

Elliptical Filter
usb

Pressure Amplifier
U4A

Loading Pressure
Limit Control - Q6

Motor Current
Amplifier
v4aCc -

Velocity Amplifier
U3B ‘

Overrate Detector
u3C

Brake Comparator
usD

Auxiliary Monitor
U3A

The circuit surrounding U4D removes the fundamental ripple fre-
quency and harmonic noise from the motor current signal. Output is
sent to the Pressure Amplifier.

The filtered motor current signal is amplified by U4A. Qutput is the
actual pressure signal PRESSIG, sent 1o the muitipiexer and pressure
limit circuitry on the SCC Card. This signal is also used by the Loading
Pressure Limit Circuit on the same card.

During loading, if pressure exceeds 200 PSI, Q6 conducts to limit
loading rate and pressure.

U4C circuitry amplifies and inverts the motor current signal from sam-
pling resistor R57, in series with the motor. Output of the current
amplifier is proportional to motor current. This signal is used by Veloc-
ity Amplifier U3B, Auxiliary Monitor U3A, and Overcurrent Shutdown
Circuit U4B.

The inputs to velocity amplifier U3B are motor voltage, and the current
signal from the current amplifier; these two signals are opposite in
polarity and added to obtain the output of U3B, an analog derivative of
actual velocity.

By comparing the actual velocity signal to the FLOW SELECTED
input, U3C detects when the velocity exceeds the flow command.
When this occurs, the output of U3C nullifies the input to U2D, stop-
ping the trigger pulses to the SCR bridge. The output of U3C is sent to
U3D, activating the brake, and causing Q3 to conduct {shorting SCR
Trigger pulses to ground).

if the velocity exceeds the flow command, U3D activates brake Q10,
activates Q3 1o cease firing of the SCRs, and triggers auxiliary moni-
tor U3A,

The AUX MONITOR indication is given if the output of Motor Current
Amplifier U4C is excessive or if Velocity Comparator U3C indicates
that the speed of the motor is greater than the selected flow rate com-
mand. When either of these conditions occur, Aux Monitor circuit U3A
sends a signal to three other circuits on the PDC. The AUX MONITOR
signal: Causes Q3 to conduct, thereby stopping the firing of the SCR
bridge; Causes Q4 to conduct, grounding the Safe Relay Enable
(SAFRELEN), thereby disabling the Safe Relay; Activates the Brake
FET, to stop the plunger motor. The AUX MONITOR signal is also sent
to U186 (PIO 3) on the SCC to interrupt the CPU and terminate the
injection.
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Mark V and Mark V Plus Injection Systems

Forward/Reverse

Loading Circuit
U2A, R28
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The Forward/Reverse Loading circuit applies a fixed load profile volt- B
age which is summed with the output of Ramp Generator U2A, to trig- L
ger the SCR bridge and produce a drive voltage for the plunger motor. ‘
Slow acceleration during ioading is provided by the charging action of

- capacitor C9 and R30. Loading pressure and velocity limiting are con-

trolled through Q6.

Forward/Reverse Loading:

When the Forward load button on the injector head is pressed, +26
volts is sent through voltage divider (R28, R29, R31, R42) to be
summed with the output of Ramp Generator U2A. If Reverse load is
pressed, the action is similar with these exceptions: Pressing Reverse
load also energizes Reverse Relay K2 to reverse the motor lead
polarity; +26 volts aiso passes through blocking diode D10 (prevents
Forward load from energizing K2).

Forward/Reverse Indication - Q12:
The Forward/Reverse Indication (FWD/REV IND) alerts the system
that either FORWARD or REVERSE load has been pressed. When

_either button is pressed on the injector head, Q12 conducts sending

an active low FWD/REV IND to U186 {PIO 3) on the SCC, prompting
the system to withdraw the SAFRELEN.

l\\-—,-_/_ ,/j



Power Drive Circuit

ERROR SIGNAL FROM
SERVO CONTROL GARD
ZERQ
DIFFERENTIAL PHASE ROSSH TRIGGER
AP SHETER gRoSSHe COMPARATOR
uie UtA uic, Uie uzo

SCR SHUTDOWN
FROM L3C
HEXT PAGE)

SYSTEM OVERRIDE

-
|

&1

150 VAC I
I

|

i

FROM
TRANSFORMER
MOTOR VOLTS
. SIGRAL
} (TO NEXT FAGE) CONTROL SIGNALS
7 AUX MONITOR BRAKE {FROM NEXT PAGE)
{FROM NEXT PAGE) oy
SYSTEM OVERRIDE ate .
SAFE RELAY ENABLE
(FROM SCC CARD) —

FWO/REV COMMANDS
& RELAY ENABLES FWREY LOADING
FROM HEAD COMMAND PRESSURE
FWIYREV INDICATION &QS, Qtz CIRCUIT
{TC SCC CARD) [’

OM PRESSURE AMP U4A

FROM VELOCITY AWP 1B

* NOTE: Biocks that appear within the dotted lines are not located on the PDC.

Figure 11.1:  Block Diagram: Power Drive Card (PDC)
and Associated Circuitry (sheet 1 of 2)

MGTOR CURRENT
SIGNAL
(TC NEXT PAGE)
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Mark V and Mark V Plus Injection Systems

- PRESIG
d < TO SCC CARD

MOTOR CURRENT
S —y
(FROM PREVIOUS PAGE)

AUX
MOLT;;OR A MON TO SCC CARD

SAFE RELAY CONTROL (4

BRAKE CIRCUT Q10

FLOW SELECTED
{FROM SCC CARD)

g
:

CURRRT VELDCITY
AMP COMPARATOR
uac et uac . SOR_SHUTOOWN =
> 770 U2D iy
{PREVIOUS PAGE) i

MOTOR VOLTAGE
SIGNAL
{FROM PREVIOUS PAGE)

BRAKE
0 1
COMPARATOR PREVIOUS PAGE)

Figure 11.2:  Block Diagram: Power Drive Card (PDC)
and Associated Circuitry (sheet 2 of 2)
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Power Drive Circuit

Brake Circuit
Qt,Q2, Q3

Overcurrent
Shuidown
U1A, DRC O1

Safe Relay /
Safe Relay Enable
K1, Q7

PDCP

{Serial Numbers PDCP 60000 and above)

- Refer to pages 11 - 16 and 11 - 18 for block diagrams of the PDCP.

NOTE: Although PDCP Cards may be used with a CPA chas-
sis, all component references in this section refer to
use with DRC Cards only. Refer to the “Reverse Relay
Enable” description on Page 11 - 10 for use with the
CPA chassis.

The Brake Circuit is used to stop the plunger motor at the end of an
injection, or if an error condition occurs during the injection. This pro-
cess is called Dynamic Braking. When the Safe Relay opens, the
motor will continue to turn, thereby acting as a generator producing
voltage. When the brake is activated, the motor winding is connected
across two .75 ohm, 5 watt resistors, stopping the motor. At the end of
an injection, the error signal (ERRSIG, a command from the Servo
Control Card) goes negative (-1V), activating the Brake Sensing Cir-
cuit Q1 - Q3, thus stopping the motor. Zener diode D1 protects Q1 by
limiting gate to source voltage 10 15 volts. A SYSTEM OVERRIDE,
AUX MONITOR, or overrate condition can also activate the brake.

The Overcurrent Shutdown Circuit apens the plunger motor voltage
path if excessive current is flowing through the motor circuit. Sampling
Resistor R4 (on DRC) is in series with the motor, and voltage across it
is directly proportional to the current through the motor. This voltage is
an input to Motor Current Amplifier U1D, the output of which is applied
to the non-inverting input of Overcurrent Shutdown comparator U1A.
The inverting input to U1A is connected to a voltage divider, establish-
ing an Overcurrent Shutdown reference. When output of U1D rises
above reference voltage at U1A, the output of U1A switches to nega-
tive saturation. This negative voltage is applied to the gate of Overcur-
rent Shutdown FET Q1 on the DRC, forcing it into cut-off, and opening
the motor voitage path.

Saie Relay K1 completes the motor voltage path between the SCR
Bridge stage, and the Plunger Motor. K1 also provides an additional -
pair of normally-closed contacts to allow the Mechanical Stop Motor to
run while the injector is disarmed, yet prevent the Plunger motor from
running. K1 is enabled by either a Forward or Reverse load command
from the injector head, or when the injector is armed (Safe Relay
Enable [SAFRELEN] from the SCC). In both cases, theses signals
cause Q5 to conduct, providing a ground path to energize K1
(SAFRELQ). This action disables the Mechanical Stap Motor by
breaking connections to the motor, and allowing power to flow to the
Plunger motor. The Safe Relay is disabled by a SYSTEM OVERRIDE/
AUX MONITOR from the PDCP, or a loss of the SAFRELEN from the
SCC. :
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Single Button Disarm from Injector Head - When the injector is armed,
and the SAFRELEN in the active high state, Q12 conducts, shunting
R56. This process allows “Single Button” disarming of the injector
head. When the injector is armed, if any single button on the injector
head is pressed, the signal will go through either D15 or D16, then
R59 and Q12, making Q13 conduct. This produces an active low
FWD/REV IND (to the SCC Card), which prompts the system to with-
draw the SAFRELEN.

When Reverse Ioading, both Safe Relay K1 and Reverse Relay K2
must be energized. K2 reverses the polarity of the plunger. When

‘REVERSE load is pressed, Q11 and Q10 conduct, applying +26 volts

through on-board jumper JU1, energizing K2. JU1 must be set cor-
rectly to avoid: No Reverse, or; Latch in Reverse. See the tables

below for proper settings:

Motherboard Configuration JU1 Setting
RMB-2 Motherboards 2-3

- CMB 4XXXX - ‘ 1-2
MBR Motherboards 1-2
Power Chassis Configuration JUT Setting
Non-DRC Style 20000 series (CPA} 1-2
DRC Style 20000 series (CRP} 2-3
DRC Style 60000 series (CRP) 1-2

The SYSTEM OVERRIDE shuts down the PDCP if the system detects
the presence of a “System Monitor’ type condition (Overpressure,
Overvolume, or Overrate [via Aux Monitaor]). When the SYSTEM
OVERRIDE signal from U16 (PIO3) on the SCC goes high, Q4 and
Q5 (PDCP) conduct, allowing +15 volts to: Disable the Safe Relay cir-
cuit (Q6), activate the brake (D2 and Q1), and disabie pulses to the
SCR bridge controller {(Q9). SYSTEM OVERRIDE and AUX MONI-
TOR are OR’ed on the PDCP to form a redundant shut-down circuit.

The Zero Crossing Detector circuit establishes a timing reference for
triggering of the SCR bridge. This is done by producing a positive
pulse {-10v to +10v} which resets Ramp Generator U5C when the

-input sine-wave passes through zero. These pulses are also applied

to Full Error Trigger Q8, through D8 and R30, to fire the SCR bridge
when needed.

Input to this circuit is the added, positive half-waves, from Power

Transformer T1, forming a full-wave input to U4A. U4A, an inverting

amplifier with a gain of 1/10, together with D30 and C15, form a peak
detector which produces an output voltage proportional to the incom-
ing line voltage. This voitage sets the input reference for “Window
Detector” U4D, which produces a positive output pulse when the input
sine-wave is below the reference established by U4A (sine-wave
passes through zero). All other times, the output of U4D is negative
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saturation. The positive pulse, applied to the gate of Q186, resets the

Ramp Generator. The pulse width is approximately 1.2 mS @ 60 Hz,
and 1.5 mS @ 50 Hz, and is clamped to +/~10 volts by zener diodes

D28 and D29 in the feedback loop of U4D.

Integrator USC generates 2 volt (-2 to 0 volt) ramp waveforms

~ between each zero crossing that are used 1o establish a reference

level for Trigger Comparator USB. DC leve! and amplitude of the
ramps are adjusted by R90 and R112, respectively. The integrator is
reset when the sine-wave passes through zero (U4D applies a posi-
tive pulse to the gate of Q16).

Trigger Comparator U5B uses the summed Error, or load profile, sig-
nal and ramp wave-form to determine at what point in the sine-wave

~ the SCR bridge is fired. In-standby, input to U5B is a negative voltage

(-2 to 0 volt integration from USC}, thus output of U2D is negative sat-
uration, and Q8 is off.

During injection, or when forward or reverse loading, the DC signal
raises the ramp wave-form input to U5SB above zero volis, causing
output of UU5B to enter positive saturation, making Q8 conduct. Q8
provides a ground path for +26 volts (through R27, R28, and Q8),

-which creates a positive to negative transition on the primary of pulse
transformer T1. The pulse transformer is connected, o invert the

polarity of the secondary, creating a negative to positive pulse to fire
the SCR bridge. The duration of the pulse is determined by C4, R28,

- and the primary of T1.

The Full Error Trigger will fire the SCR bridge if a large, instantaneous
Error signal does not allow USB to trigger the SCR bridge. In order for
Trigger Comparator U5B and the SCR Controller to fire the SCR

bridge, input to U5B must be allowed to go below zero. If the Error sig-
nal is too large, input of U5SB stays above zero, consequently, output is

* held in positive saturation. When this occurs, positive pulses from

Zero Crossing Detector U4D will maké Q9 conduct. This transition
momentarily resets SCR Controller Q8, to enable the next positive
output from U5B to fire the SCR bridge. Pulses will continue to reset

. the 8CR controller until the Error signal drops to a value which allows

U5B 1o take over.

Transistor Q9 is used to ground trigger pulses (remove base voltage
to Q8) if a SYSTEM OVERRIDE (D8 and D9}, AUX MONITOR (D10
and D9), or overrate injection (D11 and D9) occurs.

The circuit comprised of R75, R87, R88, R107-110, D26, D27 and

C10, increases drive circuitry sensitivity to small error signals, and
decreases sensitivity o larger error signals.
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AC power from the power transformer is applied to SCR bridge Z1.
The output of the bridge, controlled by gate puises from the SCR con-
troller, is filtered by C3 (on DRC). The SCR bridge is protected by an
internal MOV across the AC input. SCR Bridge output is spike pro-
tected by MOV 22, while direction of motor rotation is controlled by
Reverse Relay K2. Motor current is sampled for the pressure circuits
and the Qvercurrent Shutdown circuit by Sampling Resistor R4 on the
DRC.

U1C is a non-inverting, iow-pass filter that eliminates 50 and 60 Hz
oscillations from the Motor Current signal.

The filtered motor current signal is amplified by U1B. Qutput is the
actual pressure signal PRESSIG, sent to the multiplexer and pressure
limit circuitry on the SCC Card. This signal is also used on-card by the
Loading Pressure limit. Pressure Amp U1B, a non-inverting amplifier,
allows calibration of the Pressure signal. Low pressure is calibrated by
R83, which adjusts the input ofiset to U1B, while high pressure adjust-
ment is calibrated by R17, which adjusts the gain of U1B.

if the output of U1B indicates pressure in excess of 200 PSI, Q15 and
Q17 conduct, summing a positive voltage with the negative load pro-
file voltage (from U4C) to reduce the input to U5D. The lower input

reduces the error signal to U5B, thus limiting load rate and pressure.

U1D amplifies and inverts the motor current signal from the sampling
resistor, which is in series with the motor. Output of U1D is a negative
voltage, proportional to motor current. This signal is used by Velocity
Ampilifier U2B, Auxiliary Monitor U2C, and Overcurrent Shutdown cir-
cuit U1A.

Inputs to velocity amplifier U2B are motor voltage, and current signat
from the motor current amplifier U1D; these two signals are opposite
in polarity, and added to obtain an analog derivative of actual velocity.
The output of U2B is negative, used by Overrate Detectors U2A and
U2D. Output is also used to control the speed of the motor when load-
ing (USD).

Overrate Detector U2A compares the actual velocity signal to the
FLOW SELECTED input, and will shut down the PDCP if velocity
exceeds the flow command. When this occurs, output of U2A nullifies
input to Trigger Comparator USB, stopping trigger pulses to the SCR
bridge.

The output of U2A is also sent to Brake Comparator U2D. If Overrate
Detector U2A cannot adeguately control the overate condition, U2D
will activate the Brake (Q1), trigger an Aux Monitor (U2C}, and short
any remaining SCR bridge pulses to ground.

o
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The AUX MONITOR circuit will shut down the PDCP if either of the fol-
lowing conditions exist: Excessive current flowing through the motor;
Actual motor speed is greater than the selected flow rate. U2C, with

‘diode D14 in the feedback loop, acts as a laich circuit. When either

above stated conditions occurs, output of U2C goes positive, forward

- biasing D14, and feeding positive voltage to the non-inverting input

(latching U2C positive). An AUX MONITOR will: Disable puises to the
SCR bridge through D8, D9, and D10; Disable the Safe Relay Enable
(SAFRELEN) through Q&; Activate the brake through D8 and D2;

- Send a signal to U16 (PIO3) on the SCC to interrupt the CPU and ter-

minate the injection.

Excessive Motor Current:

The inverting input of U2C receives the motor current signal from
Motor Current Amplifier U1D. Normally, this input is used to decrease
the sensitivity of U2C at the beginning of an injection, thus preventing
false Aux Monitor indications caused by initial motor voltage and cur-
rent requirements at the beginning of an injection. As motor current
increases, the inverting input goes negative (eventually to the point at
which U2C output becomes positive). When this occurs, U2C will
fatch, shutting down the PDCP, sending a signal to U16 (PIO 3) on the
SCC (prompting the system to terminate the injection).

Excessive Motor Voltage:
The non-inverting input to U2C receives the output of Brake Compara-

‘tor U2D. Input to U2D is Overrate Detector U2A which senses if motor

speed is greater than the selected Flow Rate. If an overrate is
detected by U2A, U2D will send +15 volis to the non-inverting input of
U2C, making its output positive. When this occurs, U2C will latch,
shutting down the PDGP, sending a signal to U16 (PO 3) on the SCC
{prompting the system to terminate the injection).

The Forward/Reverse Loading circuit develops a load profile voltage
which is summed with the output of Ramp Generator U5C, to trigger
the SCR bridge and produce a drive voltage for the plunger motor.
Plunger pressure and velocity when loading are controlled by Error
Amplifier USD. This loading circuit is compatible with both Mark V and
Mark V Plus Injector Heads, with a description for the operation of
both below:

Mark V Injector Head:

Forward or Reverse loading sends +26 volts input to the loading cir-
cuit (junction of R67 and R&2). The circuitry of R67, R82, D20, D21,
and Q14, clamp the input voltage to U4C at +4.3 volts, simulating the
load profile developed on the original Mark V PDC. U4C generates a
negative load profite which is inverted by Error Ampiifier U5D 1o pro-
duce an error signal. This error signal is summed with the Ramp Gen-
erator output to trigger the SCR bridge. Capacitor C16 provides the
slow start 1o simulate the original PDC.
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Mark V Plus Injector Head

Forward or Reverse loading sends a voltage that ranges from +7.9-
12.9 volts (slow to fast). This voltage is sent to U4C (clamping by D20
not required), generating a negative load profile (-1.5 10 -6.5) which is
inverted by Error Amplifier USD to produce an error signal. This signal

is summed with the Ramp Generator output fo trigger the SCR bridge.

Ten Volt Regulator U3 and Inverter U4B supply -10 volts to the input of
U4C. The summation of -10 volts and the load rate command voltage
at U4C, produce a 0 volt velocity command voltage in standby mode,
or when only one button is depressed on the injector head.

Error Amplifier USD controls the plunger velocity and pressure limit
when forward or reverse loading. Below are descriptions of velocity
and pressure limit control.

Velocity Control:

U5D controls motor velocity by increasing or decreasing the error sig-
nal, based upon comparisons of the Load Profile (U4C), and inverted
Velocity signal (U2B and U5A). U4C produces a load profile voltage
that indicates the desired speed of the motor, while Velocity Amplifier
U2C produces an output voltage that represents the actual speed of
the motor. The Velocity signal is inverted by USA, and summed with
the Load Profile at the inverting input to U5D.

If there is a negative difference (actual plunger rate is below the
desired plunger rate), U5D will increase the error signal, firing the
SCR bridge earlier in the sine-wave, producing more power for the
motor, Likewise, if there is a positive difierence {actual plunger rate is
above the desired plunger rate), USD will decrease the error signal,
firing the SCR bridge later in the sine-wave, producing less power for

" the motor.

Pressure Limit Control:

if the output of U1B indicaies pressure in excess of 200 PSI1, Q15 and
Q17 conduct, summing a positive voltage with the negative load pro-
file voltage (from U4C) to reduce the input to U5D. The lower input
reduces the error signal from U5B, thus limiting load rate and pres-
sure.
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Q1, Q2, Q3

Overcurrent
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Safe Relay /
Safe Relay Enable
K1, Q7

PDCI

(Serial Numbers PDCI 70000 and above) |

-Refer to pages 11 - 23 and 11 - 24 for block diagrams of the PDCP.

The Brake Gircuit is used to stop the plunger motor at the end of an
injection, or if an error condition occurs during the injection. This pro-
cess is called Dynamic Braking. When the Safe Relay opens, the
motor will continue to turn, thereby acting as a generator producing
voltage. When the brake is activated, the motor winding is connected

_-acrass two .75 ohm, 5 watt resistors, stopping the mator. At the end of
*an injection, the error signal (ERBSIG, a command from the Servo

Control Card) goes negative (-1V), activating the Brake Sensing Cir-
cuit Q1 - QB, thus stopping the motor. Zener diode D1 protects Q1 by
limiting gate to source voltage to 15 volts. A SYSTEM OVERRIDE,
AUX MONITOR, or overrate condition can also activate the brake.

The Overcurrent Shutdown Circuit opens the plunger motor voltage
path if excessive current is flowing through the motaor circuit. Sampling
Resistor R4 (on DRCI} is in series with the motor, and voltage across
it is directly proportional to the current through the motor. This voltage
is an.input to Motor Current Amplifier U1D, the output of which is
applied to the non-inverting input of Overcurrent Shutdown compara-
tor UTA. The inverting input to U1A is connected to a voltage divider,
establishing an Overcurrent Shutdown reference. When output of
U1D rises above reference voltage at U1A, the output of U1A
switches to negative saturation. This negative voltage is applied to the
gate of Overcurrent Shutdown FET Q1 on the DRCI, forcing it into cut-
off, and opening the motor voltage path.

Safe Relay K1 completes the motor voltage path between the SCR
Bridge stage, and the Plunger Motor. K1 also provides an additional
pair of normally-closed contacts to allow the Mechanical Stop Motor 1o
run while the injector is disarmed, yet prevent the Plunger motor from
running. K1 is enabled by either a Forward or Reverse load command
from the injector head, or when the injector is armed (Safe Relay
Enable [SAFRELEN] from the SCC). In both cases, theses signals
cause Q5 to conduct, providing a ground path to energize K1
(SAFRELQ). This action disables the Mechanical Stop Motor by
breaking connections to the motor, and allowing power to flow to the
Plunger motor. The Safe Relay is disabled by a SYSTEM OVERRIDE/
AUX MONITOR from the PDCI, or a loss of the SAFRELEN from the
SCC.

Single Bution Disarm from Injector Head - When the injector is armed,
and the SAFRELEN in the active high state, Q12 conducts, shunting
R56. This process allows “Single Button” disarming of the injector
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head. When the injector is armed, if any single button on the injector
head is pressed, the signal will go through either D15 or D16, then
R59 and Q12, making Q13 conduct. This produces an active low
FWD/REV IND (to the SCC Card), which prompts the system to with-
draw the SAFRELEN.

When Reverse loading, both Safe Relay K1 and Reverse Relay K2
must be energized. K2 reverses the polarity of the plunger. When
REVERSE load is pressed, Q11 and Q10 conduct, applying +26 volts
through on-board jumper JU1, energizing K2. JU1 must be set in posi-
tion “1-2”.

The SYSTEM OVERRIDE shuts down the PDCI if the system detects
the presence of a “System Monitor’ type condition (Overpressure,
Overvolume, or Overrate [via Aux Monitor]). When the SYSTEM
OVERRIDE signal from U16 (PIO3) on the SCC goes high, Q4 and
Q5 (PDCI) conduct, allowing +15 volis to: Disable the Safe Relay cir-
cuit (Q8), activate the brake (D2 and Q1), and disable pulses to the
SCR bridge controlier (Q9). SYSTEM OVERRIDE and AUX MONI-
TOR are OR’ed on the PDCI o form a redundant shut-down circuit.

‘The Zero Crossing Detector circuit establishes a timing reference for

triggering of the SCR bridge. This is done by producing a positive
pulse {-10v to +10v) which resets Ramp Generator USC when the
input sine-wave passes through zero. These pulses are aiso applied
to Full Error Trigger Q8, through D6 and R30, to fire the SCR bridge
when needed.

Input to this circuit is the added, positive half-waves, from the 36 VAGC
created by a circuit on the Motherboard (MBRI), forming a full-wave
input to U4A. U4A, an inverting amplifier with a gain of 2.06, together
with D30 and C15, form a peak detector which produces an output
voltage proportional {o the incoming line voltage. This voltage sets the
input reference for “Window Detector” U4D, which produces a positive
output pulse when the input sine-wave is below the reference estab-
lished by U4A (sine-wave passes through zero). All other times, the
output of U4D is negative saturation. The positive pulse, applied to the
gate of Q16, resets the Ramp Generator. The pulse width is approxi-
mately 1.2 mS @ 60 Hz, and 1.5 mS @ 50 Hz, and is clamped 1o +/-
10 volis by zener diodes D28 and D29 in the feedback loop of U4D.

| Integrator USC genérates 2 volt (-2 to 0 volt) ramp waveforms

between each zero crossing that are used to establish a reference
level for Trigger Comparator USB. DC level and amplitude of the
ramps are adjusted by R80 and R112, respectively. The integrator is
reset when the sine-wave passes through zero (U4D appiies a posi-
tive pulse to the gate of Q16). '
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Trigger Comparator USB uses the summed Error, or load profile, sig-
nal and ramp wave-form to determine at what point in the sine-wave
the SCR bridge is fired. In standby, input to U5B is a negative voltage
(-2 to 0 volt integration from U5C), thus output of U2D is negative sat-
uration, and Q8 is off.

During injection, or when forward or reverse loading, the DC signal
raises the ramp wave-form input to U5B above zero volts, causing
output of USB to enter positive saturation, making Q8 conduct. Q8
provides a ground path for +26 voits (through R27, R28, and Q8),
which creates a positive to negative transition on the primary of pulse
transformer T1. The pulse transformer is connected, to invert the
polarity of the secondary, creating a negative to positive pulse to fire
the SCR bridge. The duration of the pulse is determined by C4, R28,
and the primary of T1.

The Full Error Trigger will fire the SCR bridge if a large, instantaneous
Error signal does not allow U5B to trigger the SCR bridge. In order for
Trigger Comparator USB and the SCR Controlier to fire the SCR
bridge, input to USB must be allowed to go below zero. If the Error sig- -
nal is too large, input of USB stays above zero, consequently, output
is held in positive saturation. When this occurs, positive pulses from
Zero Crossing Detector U4D will make Q9 conduct. This transition
momentarily resets SCR Controller Q8, to enable the next positive
output from USB to fire the SCR bridge. Pulses will continue to reset
the SCR controller until the Error signal drops to a value which allows
U5SB to take over.

Transistor Q9 is used to ground trigger pulses (remove base voltagé
to Q8) if a SYSTEM OVERRIDE (D8 and D9), AUX MONITOR (D10
and D9}, or overrate injection (D11 and D2} occurs.

The circuit comprised of R75, R87, Rég, R107-110, D26, D27 and
C10, increases drive circuitry sensitivity to small error signals, and
decreases sensitivity to larger error signals.

AC power from the power transformer is applied to SCR bridge Z1.
The output of the bridge, controlled by gate pulses from the SCR con-
troller, is filtered by C3 (on DRCI). The SCR bridge is protected by an
internal MOV across the AC input. SCR Bridge output is spike pro-
tected by MOV Z2, while direction of motor rotation is controlled by
Reverse Relay K2. Motor current is sampled for the pressure circuits
and the Overcurrent Shutdown circuit by Sampling Resistor R4 on the
DRCI.

U1C is a non-inveriing, low-pass filter that eliminates 50 and 60 Hz
oscillations from the Motor Gurrent signat.
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The filtered motor current signal is amplified by U1B. Output is the
actual pressure signal PRESSIG, sent to the multiplexer and pressure
limit circuitry on the SCC Card. This signal is also used on-card by the
Loading Pressure limit. Pressure Amp U1B, a non-inverting amplifier,
allows calibration of the Pressure signal. Low pressure is calibrated by
R83, which adjusts the input offset to U1B, while high pressure adjust-
ment is calibrated by R17, which adjusts the gain of U1B.

if the output of U1B indicates pressure in excess of 200 PSI, Q15 and
Q17 conduct, summing a positive voltage with the negative load pro-
file voltage (from U4C) to reduce the input to U5D. The lower input

reduces the error signal to USB, thus limiting load rate and pressure.

U1D amplifies and inverts the motor current signal from the sampling
resistor, which is in series with the motor. Output of U1D is a negative
voltage, proportional to motor current. This signal is used by Velocity
Amplifier U2B, Auxiliary Monitor UZC, and Overcurrent Shutdown cir-
cuit UTtA.

Inputs to velocity amplifier U2B are motor voltage, and current signal
from the motor current amplifier U1D; these two signals are opposite
in polarity, and added to obtain an analog derivative of actual velocity.
The output of U2B is negative, used by Overrate Deteciors U2A and
U2D. Output is also used to control the speed of the motor when load-
ing (USD). : :

Overrate Detector U2A compares the actual velocity signal to the
FLOW SELECTED input, and will shut down the PDCI if velocity
exceeds the flow command. When this occurs, output of U2A nullifies

~ input to Trigger Comparator USB, stopping trigger pulses to the SCR

bridge.

The output of U2A is also sent to Brake Comparator U2D. If Overrate
Detector U2A cannot adequately control the overate condition, U2D
will activate the Brake (Q1), trigget an Aux Monitor (U2C), and short

. any remaining SCR bridge pulses to ground.




